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Dynamica of head arid neck motion

The s econd session was dec oted to twelve papers on aspects of the dvnr:nics of head and
neck motion and the use of computer models in head and neck motion sin'ulatiui Iwo particular
topics were covered: the response of tite head anti neck to flight acceleratior, and impact load,.
with and without the effects ot added mass. and the assessment of cervical injur, risk usin6 t both
cumputer simulation and biomechanical dummies.

A number of papers highlighted the considerable effort that is tiring made to define arid
model the acceptable inass and mass distrihution characteristics of aircrew helmets and helnret
mounted equipnrent. Some of this work is based on cotmputer sirmulations of neck response that
arc validated a.gainst live subject experimcnts in the range of volunary tolerance. This nork is
always difficult to extrapolate into the range where injury is expected and cadavers have been used
to expand tie experimental range.

The results of computer simulation app ear to btn rather conser'tive itt the pre•tictior of
cervical injury risk in inmpact environments. Ihere is still a need for further careful and thorough
studies of the cervical spine in accidental impacts'

The paler b) "larriere et al reviewed the occurrence of cervical fracture In road tiaffic
accidents and in a series of cadaver experiments, and concluded that such fractures ere
extremely uncommon. particularly in the absence of Iteadi it'jut, This observation ethoies the
comment of Goldsmith and Om maya (1984) that the cervical region is less frequently traurrnatised
in impacts than the head. Of topical interest was Tarriere and his collea 'tic observati'in that
wonten ran a txwo, to tlhreefold greater risk of neck injury than nie. Thi, findiny va.s not
elaborated on hut may reflect the lesser muscular developoterit and snraller vertebhal sizc
generally seen ia wu onteti

Conelusiot

This was a useful meeting that tirar served to highlight the treed for two particular areas ot
research:

1) Further studies on the epidemnio!ogy of acute and chronic neck injur) ar;sing
from in-flight manoeuivering loads.

2) The continuing need for improved understanding of the mechanism', of neck injury
on impact.

References
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c.i'cts.d &,i0,l :.uf p a e IT tL I ti' 'ia O o e0 .ccrvieI] ti! L J. n rd cu nnmur,t or. ýr, t :ict . ai nd
carries a I Cihi term ('q,ic']. I ethel., hl'wtr'vcr , the a chnne: al-c cl n ll
aigli ficant in a I-crcW rVll1ins to ho cotaI-si hed, and it Io(lI 0 useful to Sc a raiepat
of ivllenele Cro0ok'Zs0 :J,y.

if it -al.in - dsceistrated thac flymrig hig pereformance aircraft- Prod-to at. ihC ,t--ed
itnc idence of i-ad 101 elly I iFi ago,:sed c.rvical s-pndjlobits the quest ion of tile cIin" 1 al
s igti ficanee of' tile findirjg -t ili has to be adds-ressed . tray chances fi'-qcr;Ltly otýuy
without cltiical syrpto o, and except in the case of 3ergoe poster'ior osteothyte,
could tiaor'eticatty fPacturor unider load aid comicine.ise tie jntegrity of The ni rd,
the Xray flniu'js should not of themselves be a reason for' rejectior; of t~he aIr-iyrewlman
from rrigs performance aircraft flyitg.

Pliedict ion of neck toeeratire to trauma.

Tclerancc criteria for neck irnjury are not wel] estai lshed, a situation which contrasts-
w th head injury. Goldsmith arid Ommnya (!98'1) list five reasoUs for' this lack of
i!furrmatioll:

1) there are fewer inveatigations of neck injury, since tile cervical region is
lesa frejuently traumatised than t!e head,

2) rne injuries do not exhil-it tire spest~rum of severity as is the case with head
injury, injuries tending to be either minor or catasc.ro-hic,

3) rneck responso is crucially dependant upon the orientotion of tei hend aord neck
and also upon the direction of lead,

N) no effective scaling relationship from animal data has been developed for the
ricr k,

To the above may be added a fifth rcason;

5) the much more complicated structure and response of the n,cK does not readily
lend itself tc the development of either mecha:iical ors mathematical analogueas.

Volunteer and Cadaver experiments

There is an enicyclopaedic data base on the response of the humar, neck, to predominanti ly
-Gx is'pacts, withir the range of accelerations that arc tolerabre to volunte-'s. Much
of tnt credit for this must go to Ewing and Thomas arid their colleagues at the United
States Navy Biodynamics Laboratory, New Orleans. Unforturately, however, extrau.olatio,
of these data to higher levels of acceleration is limited by the non linear re-sponse of
tie neck and the difficulty id predicting the rosit ion or tho neck at the start of thi
impact. Mcrtz and Patrick (1971) unlertook a series cf exf-erl 5 siri which human
vdlunteers were Suhjectcd to statis and dynamic environmetltr which produced not-ijursouc
neck responses fo" neck extension ano flexion. Cadavers weie then used to extend the data
into the injury region. Analysis of thie data from the volunteer and cadaver txeriments
indicated that the maglistude of the monent about the occipital condyles wan the critical
injury parameter' for loth extension and flexion. "i!re 5-ut.- d•-cv-ie neck reSl nse
erive).-j-es :o' ti. peifircuance cr mechanical r.r::cc in. flexion lrad extension, rnid tolerance
levcls for the neck in flexion and extension. These are shown in Figm-,s I & 2.
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SameQ wo)rk has been udiarleo;klig., at tic safotyý aspects of' the add itio. )f helmeits
an1d oter use Luthe head. Mussy et as!iS detensi-c 5 bell c-s 'of -Oa aiccoler-at lot.
expýosureý eXpe'isirnteP~ usinrg NaýVy VO) ~Ullte""' Ti WI'teL the djynamic res~ponse of the Lead wan
measur~ed as; a functior c!' cusdistr-itat ion var ations. Thie ksi'e.riataý reusponrse was
r-asoisred for, each subjec JO iL; noi,1 mass addirtionr a helmet arid weight carrying fr~ame, ando
e, helmet Witt ;Weight~s p)osit ioned or; th:e C asic mid sagi tat I> Th I)ere woe- upj 'oximatlc y a
30% adi tiori to the liesa] mass Witr, tie-e wesiph' Computer model)ing of the head mccK
res~ponse woo uoses to pz'odict the Seven -y ci esponure withý moss additions. Tie results3
of Lthiri inivest iatior. val 1date'd the o 1..L-l co..t for pr~oojet ing mass effects ared shaved
that naximum angular t'ciwas the bar'-''', ae P y" 'ar~aseter to oppromenh the, e3tablizhoed
li mt thr-eshold. (TWO subjctLs aj)'rVoac ied this Iimit at -6Gs. w~th we ut .Cboequer.' ly,
the condyle torque- load limit was; approcach. I at -80X, againL With] the -'-et sarniri
weighIts. .Anlmprtn find lg of te cIso was the ac that clue to neupor~s,
valialxii ' 1ty Lctw-"nvr "a jets, it wasi niot [ oSis 71,1 to de~fineu dicetfire fosat.

The ~ t 1--- gg. a eerie atsa? t r ar-asetors hane to CeQ alrier-c! to asý sole of
th _lt- - Ci% ea-hed angular, d _p ta-nier~t ar~d tur-qie liclit a, 1,hvreas etr.,ra di [5 nt

neat n 1n, Il,,t at all.

It as or' note t~io cu srrert h elmt ana osyg'n_. rius~s add ;i total rmare to thec heal UV
sjp-rox isra'ely 2.1 kg, torired wi t tue 15ý5Kg aldevd n:aco- in-volved in tire espen'imentsn of
M-a ea

Cursiate'- mod'~ I i Cg

tc_,of *melita4,sc rosipatrun -e-xT zer as -- the itcrah ep *i arf~io 1 ý used t ti
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atr,.,l itri uLa a t' nrc,ý "Y two- laraltes thr1ee d tire' "icria I i-r

t-Iv-&-ns' or' ifýhse h.vi Yg- ncr,!ili car e's'eoelas'ee axial loao d-_fr.ers~io-I c'anVra'--
i c n"t i cztjr-ec-n 1 , -cciv ca C '''Iti ' eloitrert has r tonh.tci tic'
a !i-, i: ed to c rt for- *,hc-',oe 1irie ' .. csf i'ig effcvts- ci 'ti-1 G tt b -- fL,

otf~ 01n h'i-'''adsi?=0I SVO1I ceri'arUsa',tAA,111 ':i':oý t-m!Ct of e.,ar~ aý .nr
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A., at~i*~ati 1,c0 tiec 'ii cc. lirg app ..soi. is to oec ~rio
the P-. neer' o::-'-'a'- rtat sot Cr., i -cI esaimpic S i~ Id d'ý;qreye-

c a-s nsf les!, .3ii degrece of fleeeonir na doi r'-,e i:'e
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'1rmr a corsets e't :-s Iod~ statIes.t 1)10c V., Y, LO t. -owe
0.efietrCieal Sr ":ricd.p'u, ýir erQa behaujiour ard r--eorc ldst i'ir, artall,ýi At
valcr.-t' , arid cad''cii' X,,r.el si-tnt, s I , bor, ar's;'~-,i , to tra' c a~
ar~to mi-aniiqgfcl a:; ofri.

EIcesias et al ( lysel corspasecd tie- stanirsi. l:i~r;'a 11. ir- ngi-I-t-r-"k
l'csj see-c to -lobsi rmiacts, andj als;o to %A->i ' re.1 ac.t c:inE
'iheý sericlandri that the I, :rid 1il is - f t r i'-r-i-
-xt arid c, hut, i a a tcraimarable: -1 urc a'-it to l-sot'a- s''' c'Y' aria
-s gy ilpa-t-; Modl: fi' a' i '0' F to tiih i -r muse-id orJ veer,. thr' - l+,C-"id ' I' 'e ~ :' aii
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Core luclon

Ti.iQ uvoeraicw ;I 'Pne o 01:o tht p-roblen-v 4f ieck i ary in . aigh perr'ormarce aircraft
airoýrew unuroci- lees the, large gape in r or clinýical an Uiimenh-anical krnIwl edge. It alsýo

hihg ta th di ff3 ,It ien i.evolved at presenit in givinge the erigineers of'h hurte ioncrted
systems eras? i genus guide ine~s a- to raxirsuni mass a,-d mass di stra'aet(, ichalratei:. is.
The ad.,ert of' S)ophs seaedhed mnounted syste~mr offers a coro.dror-Ule Clalicirgc i~i both
aeromedical rerearchi and eqe.iprent doesigr..
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ABSTRACT

The paper gives an overview of the development of the flying helmet from. being merely a nethod
of supporting a rnicrephore and headset to an integrated earl of an advanced aircraft's
avionics and weapon system. The operational needs of the. modern fast-jet aaircrafi are dis-
cussed and it is reasoned tha' the pilot must bie equipfpd with an 'electric haL' of Some com-
plexity ti, be missicn effective. Electronic and optical technology is being exploited to the
maximum to give the pilot th.- data he requires, when aind where he needs it most, yet still
allow him to survive plhyrically his cockpit einvironmont to fly and light aorethor day. A com-
parison between helmet mounted equipment capabilities and the mass, c: of g acid other
Impllcacio.3 s given.

INTRODUCTION

From the earllest moments in the history of anlatlion the devilc1 rontr el thl Ilyitgq helmet has
followed the devr')opment of alrcraft's flight. capabilities. Originally the helect was needed
to protect the pilot from the elemenits, and goggles were worn to protect tht pilot against the
slipstream. Later, when morme arid airborre radio became available for a pilot ro commuinicate
with the ground and other aircraft in his formation, the helmet was the raLivicas loceticn for
the earpieces anu the microphone. Noise attenuation could also be incorporated. Mission
effectinc-ess begar to rely cn head mounted equilment. As aircraft opor,ating heights
Increased, the use )f at onygeni mask enabled pilots to op-raLtr etffcieCtly at altitude. With
the arrival of jet powerco aircraft came the reqairement to escape at high 5pt'od. fire inven-
tIon of Lte ejection seat placed or, helmet designers the requinemont to prolect the priot from
airbiast, canopy debris and head injuries. By this time the cloti rap caihing a f-w gra9-res
had developed into the 'bone-dome' with integral visors witri a, oveu

t
zl weight of over 2

ki lour ammes.

The weight of a British Rk 4k hClmet, whIch is the current UK flying helmet, is approxamately
2.25 kg including the oxygen mask. It is not uncommon for pilots to pull '1g in comrar and
peak loads in excess of this figure are by no means unussuaf and are likely to increase as
aircraft become more agile, It is recognJseti that any additions to the helmet which mioht
rmprove his oferatfnnal of feetlvoeness may well increase piotf. f.tlp::e at best or IncreAse t'h,
trsk oQ more cermaneut damage. Other papers in the conference prsde:udinsg adorens in a
Variety of diffelent ways, the effects the demanding environment places on the pilot's nse
and how tile epidemiology of neck injuries may be betteLr studied and understood. This paper
attempts to explain the operational necessity fcr imposing funthi r physiological demands oi
the pilot and h-W equipment designors are trying to meet- the opposing objectives of a good
man-maohirie interface and equipment which will not load to temporary or permanent injury to
the nilot. An overview of develoning techriologile is given and an indicariorn of likely future
trends ttfered. The views expretser. in this paper are those of the author ano do riot
necessa: ily represent those of the RAE or MOD.

PERFORMANCE hEQUi Rh.MENtS

In this section an idealised cardinal points fcreormance speciicfatirr;r of rcqfrements is
suggested for a generic helmet mwonted display/sighting device. Without even considering the
actual funetior, of the device, the pfhysical characteirstlcs place srvele constra1ints or the

Mass Minimal luo! om.)
Inertia Mi'n imal (zero?)
Centre Qi gravity Close to (or buhirid) the c of g of the head
Volume It rust not impair pilot's normal head movement envelope in the

corkpit
Cabling Minimum number arid bulk. Iiitucoririection via ouick release
Power Minimal. 1I1T generated locally
Ejection safety Must. not increase the risk of injury to the pilot or ejection
Eye relief Consistent with ejection, donning and doffing the helmet
ODstruc:tion Must rot restrict the pilot's vision
'Feld of view Must be, adequate to: the task

P II
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Visor Compatible with the normal operation of the protective visor and
sun visor

IOxygen mask Compatible with oxygen Msk
Brightnc Carable of use in all light levels

Colour Com~patible with other cockpit devices
SFocus The image must be collimated

Exit pupil Must allow for normal halmet slippige
Robustness Must be pilot-prcof

A performance specification for a particular device would include many other elements in
addition to the above factors. The net effect is a confused matrix of compromises which has
resulted in the mrany variations in the hardware solucions from different manutacturers. None
of tlhie full1 erot the above specification but all provide the pilot wiih something of benefit
to his mission- The difficulty is deciding on the correct blend of compromises for a particu-
lar device. It is not the intention of this paper to review the different manufacturers'
approaches to this difficult problem, but in the following paragraphs an overview of a variety
of device3 will be given in the course of explaining the operational reasons for their ineed.

THE NEED FOR HELMET MOUNTED DEVICES

The design of the modern flying helmet as typified by the Mk 4 helmet shown in Fig 1 has
remained fundamentally unchanged for a considerable period of time. flowever, as aircraft per-
formance in-proves and weapon and avionic systems become more capable, the pilot's workload
increases and he has less time to make crucial decisions and carry out vital, actions. It is
essential that the pilot can operate his aircraft and its systems to the boundories of the
flight envelope with efficiency during combat. It is vital that he maximises the time spent
looking outside the cockpit. These stringent and perhaps conflicting requirements are forcing
designers to locate data in front of the pilot's eyes no matter where he is looking.

The requirements of helinet design inevitably lead to compromise: and trade-offs. Do we design
for maximum mission effectiveness at the expense of pilot safety? When does safety in terms
of protection against the environmrnt come into conflict with safety in teres of enabling him
to fight better and reduce his chances of getting shot down? This paper offers no solution to
that dilesmma. The compromise between mission effectiveness and risk to the pilot is not
easily defined.

On the training side, is it acceptable for a certain percento3e of pilots to suffer temporary
injury as a result of training with a certain item of equipment %whlch gives him a significant
operational advantage? It could be- that by limiting the amount of g pulled when using that
equipment, the risk of even temporary injury could be minimised, although at the expense of
reducing operational realism and hence, in peacetime, losing training effectiveness. The iore
capable the aircraft and its mission avionics and the more effective weapon systems become
inevitably results in military operators exploiting their newly acquired advantage. To do
this effectively in wartim., peacetime training must be realistic. In training circles, the
axiom 'Train like we fight and fight like we train' hds become a meaningful clichb. The
situation i% however, far more complex and is beyond the scope of this paper.

CURRENT DEVELOPltNlS IN HELMET MOUNtED EQUIII .3ENT

This section examines some of the items of helmet sounted equipmenr which have been and are
being developed. Most of the items are fur use in fixed wing aircraft which is probably more
relevant to the theme of the symposium. However where equipment specific to helicopter oper-
ations is discussed it will be noted as such. The list is not coirprehensive but will give a
good overview of likely trends as well as explaining the operational needs.

VISUAL HETYT MOUNTED DEVICES

Helmet position senscrs

To make best use of helmet sights and displays, it is essential to measare the pilot's head
position. This data can then be used by the aircraft avionic/weapon system in a variety of
ways as wiil be described later. There are various devices in existence, the one which has
perhaps gained widest acceptance uperaLew v", -..-iples. A radiator fitted
to the aircraft structure, usually the canopy, emits phased radiations which are detected by
orthoconally mounted coils in a detector unit on the helmet. This incidentally requires elec-
trical connections as well as the sight, but only weighs a few gras-es and occupies a volume
of less than 5 cc. The signals generated by the coils are processed !t. produce an accurate
meas.ire of the helmet position, and hence the pilot's line of sight.

Helmet mounted si- to

Probably the first item to be appended to the modern' flying helmet was a sight. Designed to
provide the pilot with an aiming mark which he overlays on the target, the device has a fairly
narrow field of view.,

. .. '
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The pilot's line of sight inforrmtion msy be fed to the radar or weapon system of the air
craft. This tochniqle is employed in the AJl 64 Apache helicopter which has a chin roucited gun
which can be trained in elevation and azimuth by the pilot pointing his hed at tie target.

Inr the ease of 5cr aircraft equipped with a r.,ssile employing infrared guidance, the missile
seeker head is siaved to pilot's line or sighi to enable the missile to lock onto the target.
When lock-on has boen achieved the missile is fired and the pilot's attention can be turned
elsewhere. The operational advantage is that the Pilot con effectively increase the rrnnoeuvr-
ability of his aircraft and thereby improve the acquisition capability of the weapon system.
The important point to note is that there is no need to fly the aircraft so accurately. The
operational advantages are obvious. Fig 2 illustrates the concept.

Taking the idea a stage further, it enables the pillt to illumwinate the target with his tadar
by maintaining visual contact. The radar reflections then control a radar guided missile onco
the target.

A system similar to the one described above, known as VTAS (Visual Target Acgoisition System)
first flew in service in F4 Phantoms in the early 703 and was used iri corijuoctin witir Sparrow
and Sidewinder missiles. Fig 3 shows a helmet fitted with VTAS.

The type of symbology which will enable the tasks described above to be achieved can be quite
simple and hence can be produccd by a fixed reticle. Fig 4 shows a typical a.rarrgement . The
format consists of an aiming mark at the centre of a circle which oefices the seeker head
field of view. Markers indicating the state of the seeker, caged or irncaged, lock-on, etc,
are positioned at the extreme of the sight field of view. 'f radar is used further markers
showing the state of the radar can be included. Each symbol is illuminated as appropriate to
the rtatus of the engagemernt.

As far as the optical design is concerned, the light source can be filament bulbs or, more
usually, an array of light emitting diocdes. The image produced by the light passing thrcug.r
the reticle is collimated and reflected off the visor by a series of lenses and mirrors or,
more usually, a prism. The design of these elements is critical to the performance of the
device. Fig 5 shows a typical arrangerrent.

The optical design constraints can be suirrrised by the formula below where DE is the
diameter of the exit pupil, DC that of the collimating loss, and dR the distance from the

lens to the eye. For a field of view 2A

DC - 2dR tan A + D0

For a wide field of view (large A), a lorge exit pupil (DT.). and good eye relief (dR), a large
diasetcr collimating device (large DC) is the result. However, to maintain a low weight and
reduce obscuration, a s-nai: collimator is dcsirahlc. This air tire bric dilarrnra which r.-rults
in the range of products available from the manufacturers.

In order to obtain a bright image, the visor must be an efficient reflecting surface in the
area where the sight image is seen. It is important that the transparency of the visor is not
reduced or the pilot's view of the world becomes attenuated. To overcome this undesirable
characteristic, narrcor band or dichrolc filter material can be used which is designed to
reflect the wavelength of the sight light, source and hence tranamot all other w,;.cle.gtht.
The net result is a bright sight image and little discernible change to the scenre brightrness.

Once this concept had been shown to work, it was realised that by introducing new elements
into the format, a helmet mounted sight could be utj lised for other functions. For example,
by introducing cueing marks, the pilot could be shown the direction an approaching target. A
posdible format for such a sight is illustrated at Fig 6. The number of different elem.nts is
now getting quite large and packaging becomes quite difficrilt within the constraints of a head
mounted system.

One way of overcoming this is by using an array of light emitting diodes to form a matrix.
Such a device is shown at Figs 7 and 8. The problem with this technology is that the jumber
of elenmnts in the matrix is limited and trerefore the definition of the display leaver much
to be desired. Vertical and horizontal lines can be shown with ease, but lines at angles
exyhibit a staircase effect as shown. howe,'or, an advantage of matrix displays is the .r
ability to show alphanumerics although confusion of similar characters can occur if '.he number
of elements in the matrix is limited, so the formats must be carefully designed. 'the answer
is to produce trrays with smalier elements to increase the resolution of the di-,'lay and such
work in this area is being carried out, but so far a matrix with sufficient resolution has yet
to be perfected for helmet sight application.

I
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Helmet moetnted displays

The advantage of the types of devices so tar deiscribed is that they can bW designed to be
reasonably small and lightweight. Most of the driving electronics, power sipplies etc can be
mounted off the man, and the cabling requirements are not too severe. However, the trade-off
is that they restrict the information available to the pilot. To provide Lull flexibility of
display, the cathode ray tule must be utilised. This ubiquitous device has UCen used in iany
ways in aircraft, from radar screens of the 1940s to the present day 'glass cockpits' wheTe
the primary instrument panel consists of several colour CRTs. It is zio accident that coc:pits
have developed this way. ChiTs allow full flexibility of display format, giving a multifunc-
tion c.pability to the surface. Alphanumerics and symbols can be produced with high defi-
nition and brightness using cursive or stroke writing techniques, or if imagery is required to
be di played from an on-board sensor such as television or infrared, raster techniques can be
utilised.

The early tentative steps to incorporate a CRT on a helmet were fraught with difficUlties, the
rain being the development of a sufficiently zntll, rugged tube with high enough brightnecs

and resolution. Before head mounted CRT devices are discussed an uxplýtnation of the
operational need should he given.

The flexibility of format has already beon mentioned. The pilot of the modern ccmhzat aircraft
is normally equipped with a suite of head down or panel mounted instruments, and in the case
of more modern aircraft these are C1T based. His primary instrument is the head up display, o:
HUD, and from this display surface ha will acquire primary flight information together with
secondary, or mission, data.

The display is switchable for a variety of rmoes depending upon the phase of the massion.
Most HUDs have a general or navigation mode (as shown at Fig 9), a bombing mode, an air combat
mode etc. If moding was not 'employed, the display would be too cluttered thus denying the
pilot a clear direct ",iew through tha, combiner. A typical figure for the HUD field of view is
25'. If the pilot looks outside this, relatively simall area he djprive. himself of all flight
and mission data. In air combat ancd air to ground operations this could severely compromise
his operational capability.

The ability to keep an awareness of the situation all around the aircraft is the key to mas-
sion success and survival in a hostile environment. The phrase situational aw.reness'
applies to all aspects of militar-y operations, whether low level ground attack or air combat
at higher altitudes. The continuous availability of data concerning the aircraft and its
systems while the pilot scans the sky is essential to maintaining situational awareness. A
helmet pointing system could also assisi: in the low level navigation task by def)ning off
track way-points, or targets of opportunity, thereby reducing the pilot's cockpit workload.

It has been established for many years that to form an effect vye defence in Western Europe our
pilots must capable of flying throughout the whole 24 hour period. The development of

alectro-optacal sensors such a i- light V.,, Nig...t Vision nonotes (NVG) and Forward Looking
Infrared (FLIR) imaging systems has provided the means to acco1plish this. Howcver, if we are
to operate by night as effectively as by day we must provide the pilot with the same visual
information by night as is available to him by day.

The above operational requirements demand much from the helmet mounted equipment. The nee-
for maximum flexibility of format and the ability to display sensor imagery drives us towards
CRT based systems.

Table 1 gives an indication of the functions that night be required by a pilot on a helmet-
device and illustrates the limitations of a simple sight and a matrix display compared with
cursive and raster cat displays. It should not be implied that all the functions listed under
a particular device could ba shown at the same time.

f
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IDLiplay capabilities

Function Fixed for'mat Matrix Crml nive Paster
sight display CRT CtT

LoS Rpm .aiming "4 4 ' "1
Seeker 0on 4 poorly 4
Radar scan p poor ly
Seeker lock 4 ' 4 4
Radar lock 4 5 4 4
romttJl L data limr:ten
Systems data v "
Cueing poorly poonly 4
Reverse cueing poorly poorly S V
FO itayiy 4

LOS ý lino of sight

The aoove table, which is not funetoierally complete for rerasons Of clalsification, clearly
irAdi-tes the advantages of CRTs. Of course there arc dniferencos betweer, raster ano cursive
technology apart frcmLr the latter rot having an imaging capability, bart tihs is provably beyond
the scope of thIs paper. having seen thE tihoretical auvana:ages of a CRI ba-ed display sys--
ten, some of the hardware offeriag those advantages will now be dosclibed.

One of the first systems to be assessed is [llrstrrtod ir Fig 10. This ýas a mnorrcujar raster
hoc C:(-r and crrs,-Lt 0i tire tuoe In irs housing toqether with thu optics to collimiate the
display which tie pilot vi-wQd on a rollector iounter, iJn front of his eye. The device was
heavy, the asymxretric c of g and the drag of tie cables gave problems eavo'n in a sirulator
assessmert. It seems likely toar the d0vl1e would give svnrer problems onit-n o and during
elctlion from a fast J"t- Howevor. the device did prOVide experience irl usJqg helmet rtaunt'ed
eqoiprent uin the cociprt.

Thu device was part of an emperirrettal system for helicopters deceltind at Parcborough known
as iFDOWL (Remote Eyes in the Dark Operating Witirotit Lighr). In essence the pilot was fhurl-
pod with a helmet "oonced CRT which disptayed tfre imagery from' arf 1O sensor mtr 5 red In the
direction of his line of sight. 1he EO sensor was mo nntrd und er titr chi:t i f tL r ht ic opt' r.

fL is apparent that the weight distribution is anymrtric, tire volue, Is large, anrr eanth - ey
is provided with totally different information.

Trials involving a fixed wing anrra!L PIa'ct aiso takes place at larneoro';gh bUt utilsinig hel-
met neented equlinmert loand from the t h.ited StatLes. Tire iillShOM programme. (Hlcimnt ]agng
ano Point intg Systes for Ell'tro-Opi~ ieal uekcrs) provid,-d a ruscJl fined wirlg rxr-urinve of
iifMD.Asfe oxperience of ceprarirg with de'vicc3 lit liour provlnrca an in5n:-uhr to If"' typ Cs o

a, problems that. had *- b. -- c-um it helomet. mountOd e;splay ICIvvCný w,'tV tO Iecome 07rAt Ion-
ally riddle. Thet progra1•res not only provided t10t!!ical syst-' performance d2t~a, I-ur intro-
duceb somt o the d .

The, display is e~sellially a miniature, he-, rip display (f:U:)) and consists of t.,,- tt.k,,- and jtLs

focussing and colliroat Ing lenses in a rigid protect iee tobulir asitrni',y. Tt:,k image is rcfiec-
ted elf a mirrored csurface to the pilot s eye. The reqart,;I- t demand a large fieAd of viee
together with a large eit supil to allow flo mmt'rnn or tire helmet en, the 'ad. Those
requiremeonts lead to tier quilt cumbcrsome desigs.

Eye point of regard

Mifntion was made earlier of the reqrrMemorrt for a It-ad position setclsttn s.ysteml aidd its u:se by
the pilot pointing his head to aim a weaport. Thi-i does ,-lo to as, unnatural moto f o 0o-er-
ating, particularly when tracking a moving target when the tendency is to follow It with a
co¢mbination of head and eye movements. It is p ti"n, t -- •-,,.- , wt i-ti eye is polnting
a;,J uveril oevices are available although mainly for workload study applicauions. They
opera e in most inst arrurs by monitoring the corneal rcllectIorts of a spot of noi-visible
infrared light. At the r-omeo: tite techrnology needs to 1r improved for in service applications
but incleased activity in tht:n area is unireway is various countries. No doubt when a matsue
desirgr is available, its potential for Improved aiming accuracy will be tflly erploiteo.

Night vision goggles

Perhaps one of the l'arlier items tor be bolted onto the -yrng helmet in recent times was the
, Night Visiort Goggles NVls). Due to their relat ie cheapness and ease of installation they
foand irrMedrate applications in muiftaly helicopter operations. Zig 1i illustrates a typical
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installation. Enezoised by battorins carried on the back eof the .elmet (counterbalancing the
gc gles) the device consists of a pti of image intensifiers configured binocularly. They are
fitted with an objective lens and an eye piece to focus the images individually. The import-
ant point to note is that the pilot can see an enhanced image of the visible spectrum wherever
he looks. In addition he can see round the goggles to view his cockpit displays. The mount-
ing arrngerment allows for vertical, horizontal and interpupillary adjustment, and they can be
parked out of sight by swivelling them on the helmet. A quick release device facilitates
attachment and detachment from the helmet.

In order that the NVGs are not overloaded by the cockpit lighting, special lighting and
filtering techniques must be used.

Originally used in the less demanding helicopter environment, they wc;ghed approximately 800
gin including mounting brackets and battery pack. It was found that they could be worn for
considerable time without undue discomfort, other than tired eyes perhap's. However, they soon
found application to fast Jot operations where a boresighted infrared image on a head up
display complemented by the night vision1 L1ogJgles giving a wide total field of view of the
enhanced visual spectruv provided a useful facility.

They obviously presented an ejection hazard and the weight and inertia was a significant
addition. Automatic separation jr, the event of ejection is available.

Human factors

Most do,'ices available so far have been monocular, primarily in the interests of minimising
weight and complexity. There is evidence to suggest that binocular rivalry has caused prob-
lems to some pilots. Most people have a dominant eye, the tendency being for right handed to
be 'right eyed'. All installations known to the author cater for the right eyed pilots.

The transferral of attention from the display to the real world and the additional task the
brain has in disseminating the information provided from the different visual stimsilae from
each eye may well contribute to excessive workload or even disorientation.

There are several advantages of providing a binocular device. Both eyes are provided with the
same stimulus which is the natiral way the brain receives visual information. Stereoscopy
provides the pilot with natural ranging cues, although true replication is not possible unless
the aircraft is equipped with a dual camera installation. A binocular device does however
incur optical design problems and doubles the weight on the head.

With a head slaved seznsor it is important that the pilot is givec the correct ianage for his
direction of look, not only statically but dynamically. The turret in which the sensor is
mounted must respond to rapid head movements otherwise the chances of disorienting tho pilot
are increased. There are more subtle affects also, relating to the dynamic chalacteristics of
a scanned image when viewed binocularly.

ifeti, ej..e. .vaetiI, 'or exam.le aircraft aLtitude
or heading, on his helmet mounted display, great care must be taken in the way the information
is prasented otherwise it could lead to disorientation when he moves his head off boresight.

These problems indicate that there are many human factors considerations which need to be
resolved.

NON-VISUAL tIELMET IOIUNTED DEVICES

The paper has so far concentrated on helmet mounted devices of a visual nature. This section
deals with non-visual devices which are located on the helmet.

Active Noise Reduction (ANl)

The level of noise in modern military cockpits is in general increasing. A method of improv-
ing the situation is by measuring the noise in the earojece of the hmlmrt _nsi r-ins vnd,,,-n A.n

Inverted signal to achieve cancellation. As far as the helmet is concerned the only additionaýl
component is a miniature microphone mounted within the earpiece.

Adaptive Noise Cancellation (,. 1

This is aimed at reducing noise on the pilots telephone line using digital filtering and cor-
relation techniques. As with AlP., additional weigh should be minimal but additional leads to
the helmet would be needed.

.1
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DiTrct ional audio cueing

There is a possili.lity that by using stexeplenic earpieces in the helmet, a pilot could be

givein an audio warning of the direction of A threat. Considerable work on tne human factors

aspects is needed before this technology matlures.

N4clear, biological and chemical warface

floods designed to protect the pilot against NBC threats are invariabl; unonuortaole end

restrict the pilot head anh!ility arid his visual field. The operational implications of
wearing them are not trivial. Read scTunted equipment should therefore be designed with mrC

protetion in mino. With an enclosed head assembly, two factors grow in significance. The
pilot must be provided with an automatic visor oemiastiztg system and it saeer-s likely that some
fons of head cooling a; rance.nent should be incorporated.

TRENDS IN HELMET MOUNTED L,1IPMESNT

The ,iajor proble.,ms associated witl these devicena, especially those offering visual i.1for

atLon, are the size, weight and the fact that they are mounted in front of and in close prox-
imity to the pilot's face. Their location can nut be changed until such times as a means of
directly inputting data to a pilot's brain can bc developed. Faced with the reality of where
the devices muost be placed, the component induLstry must be encouraged to develop smaller, more
effective building blocks.

Industry is irqproving the efficiency of LED:, to provide higher brightness with less heat dis-
sipa-ion. Ilmroved resolution could bring the matrix display to the level necessary for
portraying C0 imagery. Integrated logic/drivers capable of handli.ng the peak powers ;nvolved
will enable the display and electronics to be more rel,'able and reduce the weight on the
helmet..

The need for a more robust, higher brigntness, better resoluticn, smaller and lighter CRT
remains. Industry is actively rursuing mLniaturisation of the dovices. Electronics can be
packaged smaller and the option of mounting the drive electronics aid LIlT units within the
helmet shell is now a possibility with obvious advantages for the system integrity. Fig 12
gives an example of wlat can be achieved.

However, all devices to date require optical components to collimat•- and combine thle symbolmg'
-i imsagery with Lhe direct view of the outside world. Whir can take the form of a glass com-
biner in front ef the pilot's eyes, which is undesirable in the evenL of a crash or ejectio.,
and imposes some occultation of the pilot's view. An alternative is a reflectiv-n patch on the
visor. This is a better device fvom the flight safety ý,oint of view but placer restraints or,
the optical design of the system. One of the features required of a helmet mounted display is

a large exit pupil or port-hole through whicii the pilot can view rite display.

The most promising technology which could provide rhe solution to both these probletsý is hole-
graphy. A holographic visor could provide a very efficient method of cnrbon.nq 1the ' i"play
with the outridc wo•rld vie-'. in essence a hologras mtray be r:cgjrd-d as having optical power at
a specific spectral frequency but zero power at ell other frerTrencies. A holographic visor
therefore reduces the optical elements on the helmet, sienificantly reducing the weight, could
provide a very wide field of view, and a large exit pupil. lowever, at th- momenlt the prob-
lems of developing a hologram compatible with a curved polycarbonate visor still need to be
solved.

To capitalise on the above developments it is important that the pilot can aim the device with
accuracy. Apart from the pilot's diffictult tracking task, the weapon system sist be given
accurate infolrmation of where the pilot is looking. An eye point of regard device would
assist greatly in both of these functions.

HIG developments have tended to be directed towards improving the image intensification, auto-
gain control, and filtering techniques to improve the perceived isnge. Recently, more atten-
tion is being paid towards reducing the mass and also the moment of inertia by muinimising the
weight of the objective lens and integrating lithium batteries within the goggles.

The trend until today has been to design a helmet which meets the basic protection, life
support, and commtunication requirements, and add ori the new devices in a seemingly ad hoc
manner. The complex interactive nature of the dev.ces we are dealing ýith does not allow us
to pursue this approach any further. Specifications for the weapons and avionic systems of
aircraft are being wiitten in a 'top down' manner. Technology has now placed the helmet
firmly in the 'systems' area and future designs should reflect this.

The trend for modern helmets and helmet mounted equipment must be to design in an integrated
manner. The shape of the shell must not only be designed with protection, life support and
cotmmunication in mind, but also with the mission equipment high on the list. Work is underway

I.. • • .•..- • .L•.
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to develop a hegmet designed fiom the outset wit) integral NVýd, lir)C and IUMS in addition to
standard protection and life supp•ot capabilxtres.

Integration must be functional as wetl as physical. If the functions of two oz ore devices
can be integrated into a single new device then it makes sense from all aspects to develop the
now device, Mo*,L of the tran-mounted equizpmýnt~s described in this paper requ:it- electriual

connections which must be routed via the seat to the aircraft systems. It is clear that the
number of leads must be kept to a minimnum. A method of achieving this is by designing ýquip-
ment to operate on standardised power supply rails. There seems to be scope for a form of
digital data bus to the helmet for such things as a sight and a head/eye pointing system.

CONCLAUSI ONS

Referring back to tIe list of perforrmance requirements, the reader will see the physical
aspects to be considered in designing an ILMD. The trend must be towards reducing the size and
mass of the devices, whilst at the same time improving their optical characteristics. Higher
brightness, better resolutioni and contrast CWis contained in smaller volumes is the goal tc be
achieve,.

To overcome the problems of operating a helmet mounted display in a high g environment without
compromising a successful ejection, designers are beginning to prodoce hardware capable of
meeting inany of the requirements. Recent developments have shown that it is no longer viable
from a design or operating point of view to consider the helmet and helmet mounted devices as
separate entities. Work is underway to produce an 'inteqrated helmet' which is designed xrom
the outset to provide protection, cormmunication, sensox imagery and flight/systems data to the
pilot. As well as a better helmet system design, the likely outcome will be a lighter helmet
assembly. Specifications are being written which call for an inclusive helmet mass uf the
order of 1.5 kg. It will be interesting to see the outcome.

The time has come when experL from heretofore separate disciplines most combine their
talents. At the concept stago of a man mounted device or an aircraft project tho optict l
designer, the weapons systems engineer, the missir-n avionics system designer, the comnuni-
cations specialist, the buman factors engineer, the aircrew equipenst assembly designer and
the aeromedical specialist must all collaborate and combine their talents if the final outcome

is to be a succets.



Fig 1 Mk 4 flying helmet
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Fig 3 Visual target acquisition system (\'TAS)
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Fig 7 Helmet mounted matrix display
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Fig 11 Night vision goggles

Fig 12 A modern helmet mounted CRT dispi .iy
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pPRbVALENCE OF G-INiJUCEt' CERVICAL INJURY IN U.S. AIP FORCE PILOTS

Rodger D. Vanderbeek, Major, USAF, KC

347th Medioal Group/SGP
Moody AfB, GA, U.S.A. 31599

SUMMARY

Pilots of high performance uirciaft are freqte-etly exposed to significant accelrtative forces; the effect
of this exposure on the cervical vertebral column is an unquant

t
fled clinical and epidemiological

problem. This report presents the findings from a period pcevalence study of acute Peck injury secondary
to high G farces its U.S. Air Force pilots. A sample of 437 pilots of three oifferent fighter aircraft was
aurveyed, and the data is stratified and analyzed to test the strength of association of injury prevalence
with pilot age, type of aircraft, and type of flying environment. Results indicate that minor injury is
common In these pilots, and that higher aorcraft performance is associated with increased injery
prevalence. Increased age is associated with increaseo prevalence of major cervical tn~sries. Preventive
strategies may ne helpful it. reducing injury frequency and in avoiding serious injuries.

INbkODUCfI Oh

The performance capabilities of current high-performance fighter aircalt have greatly expanded since
the introduction of the F-15, F-16 and F-1h. One of the troot significant advances has been in the
capability to sustain higher positive gravitational forces for longer periods ol time ard more frequently
in all Ilighi environoents. This capability exposes the pilot to a signifivantly vore severe occupational
stressor than that of previous fighter-type aircraft. Several studies have assessed potential adverse
health effects froe this high "G" environment on various organ systems (l,2,3,4,5,0,7,8). Most of these
studies have forusei on the nmurologic, cmrdiovascular and respiratory systems, with particular emphasis
on fatigue, periornance deteriorution, vision effects, loss of consciousness, coronary blood flow, and
cordiac arrhythtias. However, few studies have addressed the short or long term effects of brief or
sustained high G forces on the musculoskeletal system (9,1T,11). There are fienuent pilot reports of neck
sttain yet little data exist or, the possible pathologic effects to the skeletal system of humas fr.om such
exposures.

Several suhcliilcal eusculoskelreol condltions (Appendlx 1), pdredmlenstly sprnai conditions, were
identified In a U.S. Air Force working group In 1979 (!2'; it was postulated that these corditrics wuuld
be aggravated by high sistoimed 's. Vaaioes recommendations were made by this surkshop for added
screening exams to detect these coetd~tionr, and to revise the pl,

1 lcal standards for entry icon pilot
training for applicants with these musculoskeletal conditions. lqwrever, there is Irsufflcipnt dat• to
demonstrate that these preexisting musculoskeletal conditions have resulted in iacseased Injury prevalence
in pilots of advanced aircraft, or that those without such conditions are less likely to develop spinal
prolens.

The grooltatiu,,a ferres axerted on the pilot's body may be applied in any of three aces: 1) the
"fore-aft" ov x-13is, denoted G.; 2) the "left-right" or y-axis, denoted Gy; and 3) the "head-foot" or
z-axis, denoted Cz. In the high G envcirosent, the X- and y-axes are not sigoificantly stressed; the t;
axis how'ever experiences high forces in the positive direction (+a-z, i.e. fion head to foot), up tn +oG's

or greater, with .iach smaller forces in the -6z direction (,srely esreeding -26's). high sustained C is
defrned as greater than 6 r's for 15 or more seconds. Adeonced fighter aircraft are now able to achieve
and sustain high c maneuvers for lengthy periods under certain conditions, and structaral integrity may
nott he a considnration until levels of 49ý'0 or greater are achieved. This high G environment is
experienced in aztual combat, In feequent training missions flr silonted aerial co-nbat, and during

Advanced aircraft handling maneuvers.

The portion of tho suscrloukeletal system subjected to the moot severe stress is the vertebral
n'ivm:.. Column strength is reduced with flexion or torsion movsasents (9); thus the neck is particularly
susceptible to injury as these cervical vertebrae carl achieve much greater departures from vertical
allgement tha,, coa~ lower segments. iligh G forces coMbiosO with frequent touoing and tiltih, of the head
and neck increase the potential stresses to the -ro"ical vertebrae. fIhe weight of protective headgear and
oxygen equipment add to this atnes. Sao hack angle has an effect in the dispersal of +G forces irto thie

Gx axis as seat back inclh1e Is incrossed. Poio r,-r mso' n-:" s. rd I -t .... ,
particularly In flexion of the cervical opine, during high G maneuvcring to enhance their visual search or
to maintain visual sight of an attacKer, thus negating the potential benefit of the incteased seat ongle
to the cervical vertebrae. New life soppott systems are reyprted to reduce the required straining effort
by 50% to maintain consclousnert at high +C; with further adances in the suppot of the pilot's
cardiovascular, pulmonary, and neurolc.gic systems, the cervical vertebrae a•o become the high G "weak
link" In the umoan system,

2here are frequent aecrdotial soports of acute neck injury in bhe fightcE pilot comoonity. Sose
pilots repnrt a higher frequenc) of neck strain in advanced fighter aircraft when coepaned With older
aircraft. ilowever, there are no pubtrhsi:d reports of the actual prevaleoce of "everyla-'" neck injuries,
nor of their character, quality, duration or sequelae. Nock injury may ratnge fiom a mlid dull ache to
pain and spasm, or may present as a debilitating inJury with sensory and/oa mntor deficits. Muscle strain
mae' prevoet an locliazed neck tendetnno•, ot sau radiate ftoe the occiput ta tire shsuldern or the srea
bhtweun tihe scapusae. Spasm may or may not be prenent. Cervical tere coot injury nay pretent as I dull
ache or pain in the eock, shoulder or arm, or may be described as a numonees or tingling In the

'-.. . . . :- ; . . : . . . .
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distribution of the affected nerve, extending distally to the hands and fingers. In severe cases reflexes
may be diminished and there may be impairment of motor function of the affected upper entmity,

Certain serious injuries can be doettmented by various radiological methods. These lesions include
fractures of the vertebral body or sich and herniated Letervertebral disks. Milder injuries cannot always
be demcnstrated by diognosotc methods arid are referred to as acute cervical syndromes. Thesu ase defined
as any of several entities caosed by irritation or cnmpreeaion of the cervical nerve roots. Several types
of such syndromes are recognized: 1) muscle pain or tenderness with or without radiation Into the back or
shoulders; 2) nuncle spasm; 3) torticollls--a more severe attain with contraction of the cervical muscles
producing a twisting of the neck and a resultant unnatural head position; 4) sensory deficits
(parerthesols c- dysestheslae) in the distribution of the affected rerve root; atud 5) rotor deficits, with
decreased deep tendon reflexes or frank Impairment of coordination, dexterity or eveenit (13,14,15).
Paresthesius refer to the symptoms of burning, numbuoss, tingling er prickling. Uyaenthesia infers to ano
sensory impeirment, but especially touch.

Ilaoy pilots fail to seek medical attention for such irjuoies unle.e there is as impairment of flying
abilities. Thus, many cases are not reported to tee medical community. There are only a few documented
cases of cervical spine Injury with either vertebral fractures, herniated nucleur pulposus, or ligamentous
teat secondary to high G exposure (16). -t is probably still too early to ascertain whether or rot
chron!c G exposure leads to any long-term disability.

Thus, neck injury and its sequelae remaln an unquartified clinical atid epideriologicel problem in
pilots exposed to high G forens. The purpose of this study Is to describe the period prevalence of this
occupytionol injury. Types of injuries are described and classified. Comparisons are mnde between the
prevsletce of injury by type aircraft, pilot age, anut type or flying. The study may facilitate future
assessment of occupatIeonl risk, and nay direc.t research towards improved G protection foe the
musculoskeletal system of exposed pilots. This data may have implications for human factors design of
even more Advanced future cGcba: fighter aircraft. Can nan tolerate otresses in the Gz axis of +10g or
corel Whet is the operational tolerae of the human cervical spine? These questlons need to be
addressed; thin stody say he a usefni step towards finding the answers.

METHODS

An anonymous survey questiornalrc was utilized to collect the data for this descriptive period
prevalerce study. First the survey form was described and explained uniformly to all participating
pilots, then the questionnaires were distributed and collected after ample time was afforded 

t
o conplete

the forn. Anonymity and confidentiality were highly stressed. Specific data collectnd included the
number and typo of neck injury by tine peoiod, pilot age snd flying experience by type aircraft, total
flying hours, crew position, and type of flylng currently performed (operational or training
environentn. Histrcry of any pcior traumatic vertebral injury was also identified.

Presence or absence of neck Injury is the dependent variable, and iu qu.otified as the nooerator by
the number of pilots with at least one acute cervical lrjn.y in the time period specified. The
denominator is the populacion at risk, i.e. all C exposed pilots for each of the sample strata. Injury
may be further subdivided Into "major" and "minor", with the more severe injuries presenting with distal
upper extremity eymptons. in addition, "major" ljuries could be expected to potentially compromise
flying safety by adversely affecting aircraft control.

The data do not include individuals with a prior history of vertebral fractures or herniated disks.
Those with chronic cervical syndromes were also excluded from the analysis. The date atlosw for
q,.aotificetion of the number of cases in each period. as some pilots hase nore then one injury per period;
thi may warrant further otudy lnte typec cIf pilots who snee more usooeptibhc to recurrent inju-y than
others, however it is not addressed in this study.

she potential for survey bias exists, and several factors werv considered (17). Anoocymity was very
highly stressrd, and the questiennaire was kept simple, straightforward, and brief. bhe selection of air
bases for the survey is considered onbiased, -e the type of flying at each base with similar aircraft is
considered to be essentially identical. Sex is not a consideration since all pilots Surveyed were male.
Heedgear is not a factor, es all U.S. Air Force pilots wear similar helmets and oxygen equipment of sery
s1milar weights. All pilots entering Into Air Force pilot trauning meet the same physical examination and
screening standards, and selection for typt of aircraft in not dependent upon physical criterIa.
Selection is based on academic and flying skills performance in pilot training, and these are not
considered to be biases that migbt aifect future potential for acute cervical injuries. recail bias was
minimized doe to the type of data requested on the questlnnualre, asd due to the short recall intervals
addressed. A pilot may heve difliculty recalling the exact nmtbhe of acute injurieo over a specified time
period, but the relevant finding -o any neck injury in the period studied.

The period prevalence ratio is determined by dividing the n-mber of current cases in the period by
the number at risk for each sample (18). A current case is defined as A pilot who had at lteat one neck
injury secondary to high G force exposurec in the time period. Populations sampled and analyzed included
pilots from both an operational cnd a training wing for each of three aircraft (1-5, F-15, and F-Sb).
Enprcted number oP pilots aesilable for a-.rvey at each uing ranged from 5i-80 for each type aiscrafit
actual nuberhs saspled excreded this predicttoe, ranging from 58 to 121 pilots at the varios wings.

Data for the 3-month periods are first analyzed ustan the CATHOD Frocedure of the Statistical
Analysis System (SaS), with Type of Aircraft, Age Group, and Type of Flying an the independent variables,
sed Severity of injury as the dependent variable (19). These data are then arranged into SXC tables for
tho various aspipe strata, then taiting for aignificance with Chi square tests with (i-S)(C-l) dgrees of

freedom (21). Significance level is net at p < 0.05. Data for a 3-month period was selected for analysis
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fo, two Seasons, 1) retell of injury experience over this tire period should he reasonably accurate; and
2) three nourhe of flying is likely to assure frequent exposure to high C missions.

C eaponure is a quantity chat oust hr considered In assessiog orrupationul rish. iuatation and
ireqoeocy of exposure to the various S leveds difiers among the aircraft and sith, the type of flylng

ncosusLeord. For example, the operational flying eneirormeat nay involve note high C missions thus does
the training eseironeent, ixpetiesced pilots nay use loss C to their air combat mneouvecs thar pilots
with trese hours of training. fillinghus et jI 121) provided sue analysis rosipating ithe C-csoirosnents cf
foot fighter aircraft. Ills study dei.oasreated that the F-IS reads to rxposue thle pilot to C tortes note
frequently and to a higher degree than rthe F-il, and the F-IS noreen thus the f-5.

iESULTS AND DISCUiSSION

According tO data feon the Aix Force Military Feersonel teeter, ut rho tins uP thin survey there wore
3125 active pilots it the F-5, F-IS, sod F-It. The survey sam~ple size of 437 pilots thus coeperusc
apyrocluetely 147. of the popln•stios. At thc three bases visited, the total number of aunigned pilots iu:
the three aircraft can 590; chits thle 437 in the sanpls constituted 74% of ohl pilots assigned. asd an rese

higher percentage of those asailahle, as sore fltints acre on leave or perforning ocher required duties.

All pilots sum~pied in the survey sore role The neon age for pilots surveyed was 31.5 years (range
Ž3-47), with iencu total flying hours of 1,69. Casio 180-4,700). Is the alocrafi ruurestly flown, the
sear tine is the aircraft sos 2.7 y.ears and S1S flyisg hours (rouge 0.1-12 pours, 10-1,050 flying hours).
Pilots st t-alrlog haunt, were older sod hlad more total flying bourn thus those at operational flyieg
buses. period prevulerce rasio, ore shows io Table I. Thle atort shoows the percentage of all pilots who
eoperisnced at leaut use Scot, sock injory seccudary to high C forces to rho period listed. Also shows
are eb' preoalence turbo• foe major seth injories in tiho sane periods.

TAOLS I. pERIO0D PiffALENift PATIOS (ALL PILOTS, ALL AtiRCROET' n - 4.52)

Tiut ferccd Past loath Post 9 oneths Fasi Year

Asp Nerk lejory S 30.U 50.67. j t3.6l.

Maor Ncki Injuries "]JL 37. 0.77. 11.2%

The coepiete 3 sooth injury data are sbhowi is Table I1 P¢reenefcrence. Pilots with rajor iojuries io
the peelod nay have had nioso injury an well, but sorb ledivideals are listed only core It the colomn ice
sujor injury'. Those listed as booing elnor injury hod olymixuox injuries it too peetod.

TAILS II. NECKf 1INURt PdOSitiT3 ONIS, B5 TYPi AIRSRAPT, AGt 040fF, TYPE
OP FLYINGo. AND INitUt SEVtilTY,

Type Age r ypo of -__ Severity of I~r
uircroft troop Flying Motor S hono H on -TotafOIl

F-S j2-2 Operational 0i (0%) t (7t) t.I, ('no.) Ii
ITrolioig 0 (0) 2 (29) ] (71) 7

30-74 Operationol 0 (0) 7 (325 1 15 (68) 22

Trairiog 1 (5) 7 PS54) 5 (38) 23
35o Operatisonl I (ll) 1 (Ii) 7 (78) 9

F-5 2-9 Troilogtn 1 (11) 2 (22) 6 (h7) 9
F-5 2-9-Operationa; 5 (2)-J 15 (76) 26 (67-)- "-4

Tratotog 2 (5) j17 (44) 20 (51) 39
32-34 Operational 0 t0) 9 (56) 7 (44) ii.

Tralinig 2 (7) Sb (55) Ii (38) 29
35-s OoerstissalI 0 (0) 8 (hi) 5 (38) 13

Trainingl 4 (17) J9 1)9) 11 (43) 23

Truising| 7 (14) I23 (46) 20 (40) 50
30-34 Operatissal; 1 (5) 10 (45) 11 (50) 22

Tsalunsg] 6 (17) 12 (34) 17 (49) 15
22o OperationalI 3 (14) 10 (48) 8 (31) 22

Traiintn0  8 (2Ž) 1(2) lb (44•) 3b

"lhv categorial anai1 yuis (fATsOD) vi these dots Race rio irdication of aiguiflcant 1st cc 2nd c•der
inxteractiuons aonug the thome farttos (Type si Aluerait, Age Croap. Typt of Flying). However, all theree
coan efforts tore statistically sigoifirsot. Soenequrotiy, each factor is analyaed to rote detall below.
Is each rune, analysls is viewed fros two porspeucicost any linjut, vs. us lnjury; oujor injery snip vs.

*all others. ftbi squaer cemting is shown below tables II1 theu VI. To Table III, severity of injury
alibhis the Fast 2 nortbs In atstlitied by type of oihcrafr. This table demonstrates a statistirally
significant trend in frequency (P-S5 aud f-lb >> P-5) aed In severity (P-lu F-IS no r-S). Tb' dota
support n hypothesis that nerb injury is cure prevalent In the F-li ard P-IS thor Is the loss G-oupabie
F-I, and that eajor lanury in note ptesalec.t Is thle F-lb than is ihm P-l5 or F-S. This In cunsistent with

Srthe hypothesis that as aircraft perfcruarce uapabi lity lucroases, so dams toe• potential C cope:. tee aed
*consrqsrntly potestla) 0-lndured lujosy.

,-ft; • .. c



Any Irijr (jo 4.0%ro) 9s No 5njury: F26/ (5, p.% 11 (0. .7.

I 0.0.05
RD..

Tables% IV and V show dJata for a-uk injury in tire post 3 mouths tabulated accordinag to. injury
nenealy; Table 7f 3ero"ifies thes pilots into age group, white Table V stratifies by type of flying

enuironmnee (uperorio~noi or training).

TABLE IV. NECK jiLKUY PAST 3 MORT11S, BY SEVERITY AND AGE COTIJP (N-=437)

A e! 2C-29 30-34 35.

Major Injury i1 ( 5.88") 10 (7,3%) 17 (15. 37,)
Mictijuy8061.%) E (44.5%) 42 (37.8%)

No injury 9A (51 -9%) 664 (48.2%) %2 (46 87.)

ni 189 1n2 - 137 n3 - III

2 %. 3 Ciii treursts:

Major vs. Minor + No Inju.ry, p < 0.025
Any Injury (Major *Ninot) vs. No Injury, 5.S.

TA-BLE _V.NEK -INJURY -PAST 3 MOTS YSEVERIT-YAND T-YPE OF ILYIC

Operatisnal j Tann

Major Injury 7 (3.6%1) Ni (1,29%)
Minor Injury 83 (42 .73%) I 10 (1 .35)
tic Injury 104 (54.1%.) 110 (4 5.%U

n cI - 196 j nm -iu

2 a 2 chi square tests:
Major V3. Minor 4 No Injury, p < 0.005
Any Injury (Majsr + Miaor) ns. No injary. N.S. (p < 0.10)

The data in Tabler IV and V reveal the following: 1) nsjou neck Injury appears to be mote preuniurd
as ~C tiu~rus;arid 2) major Injury atpycar- *0 be sore re--tnt It tunining (ATI11 fighter bases while

dus ujries aur esenip distriboted.

TjABLE 01. 16 YOU FLEW P-RE'VICS PIGIITEM AIRCRtAFT_,H11DbDOESj T (.' _CiI _MBFENT
. M .... AICRAFT COMPARE WITH RESPECT TO 0-INDUCED NECK INJERIPS7"

Sane frequenty

an arverily 2197%) 2 (56.8%) 26 (36 .8%) 76 (42.7%)
Less ireqeett

and/ar aevere 0 0) 3 (5.9%) 2 (2.1%) 5 (2.8%

_______ n n32m 52 o3 97 :1 - 18

3 a 3 Chi squar Etest fur indeperdenue, p < 0.0005
3 a 2 tmetlittA: F-iS/F-lb, p < 0.0005

F-5 IF-is, p <0.O050
F-5 /F-15, 8.8.



A final comparison 1'. shown In Table VI. Ofi the 437 piloto surveyed, 178 had petoinus flying
expe r ience in other fights. aircraft (F-5, F-4. A-l0). The table displays the findings by type aircraft
and by swhether the current aircraft gave the pilot more, the same, or leoser neeck Injury (either by
fceqoentcy, severity, cc both) than the preriounipl flown uirccaft. The finding, in Table VI supporta
hypothesis that nack injury subjectively in mare frequent nor rore severe in the P-i6 than in Oilier fighter
aircraft; very te.w piiotu inputted that torr ent Injuriea are lean frequent or ieas uccero when compared
with their previous aircraft.

Space fur additional coommentsa was provided on tie reveror of the survney form. Several connented on
the Importance of frequent flying, and that a long layoff from high G erponure seemnd to lead to am
Increave iii Injury auso.ptihillty. F-if pilota tendled to add ogre notes than other pilots; the foillowivg
are five suchi coenents:

"I freqeontly have acre neck whrn flying BPS, usually from lookitng back; I haven't lad
problems an severe snice I lernred not to nove mvy head while polling over 6-7 G's."

"I think a good wore op before flying, and not roving head shove 6 C's ace a hey."

"I hate to fly similar F-lb vs. F-l6bhecauose of the physical demands. I wonry ahout
nech injuny on all air to air sortieo)'

F "Exrcrise & tri-oning, dirt, rest seen most important iactors in redace/preventing injonles...

"In thin jet, you need to loosen cp neck/hack prior to fifing high C2 ovaries,
If I dv thin rellgloasly, prbrsaereduced greatly'"

Onl hi pilots completed the sport on the nurse) for "most likely h'ad posoition yr the tin'- of
injury". Of thene, about i.olf said they weren Moving their head onder G leads, and half raid they wore
lurking back ove eithec shoulder "checking li.'.

The maim objective of th~s Study won to determnic the prevalrnce of acute cerrvical injury Io pilots

epose d to high C forces, Injury prevaience wan expected to ho higher in the udvuoced fighters; this
hypotheisnf is ucpported by the data. The high percentages may surprise ror.ec rcsdcoc, hut did rot sorpricoQ
the author who had been at an P-i5 and P-16 training hase for oar year an a flight s-gegom. doerdorci
lnfccsuaticn suggested a c oemvn ocoursace of neck injury; the survey into suppoct this impression, with

nea.rlIy h aIf o f oil p iI ot r epoctli., somr degree of neck ittjily in uth frrt v' oa 2- -ci.tiire poted an! terorlyI 9) reporting signifiourt injury In thiu same period.
There are ctLher sigaificaot findings in this study. The P-1i appeors to Indunce -to reequct and

monre u....re Injury thoc ds tue other aircraft; increasing age appeurs to, place onor at highrr risk of nclior
Injury; and major Injunies, poeLiualuely In the P-l6. are mote prevalert at traieiog buses. Tirn s
find ingS could be explinied by svereal theories. Their nap in fact be a hicgher C-coposotc to the F-1li;
there nap be an irorraurd Susceptihility to Major minjty with increasing uge; and. a, rider pilot

"poplaron at the training bases night nopivie" t heir bight. prevalence ot maojr Injury. Another pevolIblt
euplamution lot th e higher prroeua ce &at t.ra~ig bases is th Olc in of ana ol1der moot r suscerpt IblIe ivotsroctnoce

population Comhined witi. a younger less rexperiemced student population that has not yet leoarntd heow to
avoid injur y in the cockpit.

Long tore cohort studier art needed to ussesr any chronic ill niirciO tlirs uietedl~r nuponores. Tic
PFelglae and hatch cervicul opine X-ruy screening programs and follonw-up for F-16 pilots rup provide sore
infatuation is this regard (22,23). Cosld therer be a degeneratice effect (such as een iral arthritis) or

1the cervical ospine froc repeated G vxposures, even in the absence of troctutre oi disvk iherlacicnl bro
repeated rpsscr-e -7 tsar lutiel Ale we at the edgy of human tolerorse- with preseotc C rposor-. or is
there n ote "C-rose" i which to expund witho-ut rink at long term iznjcocl StillI enibucrd C-toi turance
technologsy for malinnlinirg ronsciousness (posit-ice pressure breuthing, tactical life sopport systems)
expose thu cervical spire an the weak link to the 1h-81. syotemi

Until fsrthersrcearchc is eonducted, pilots toerd to he rude aware of the potential for injuay and of
the Importa nce of pceverutlor measurec. ThcesMeasuares night include-- 1) a modest neo~k ecc seso pooginol
2) etch otirvtch.ng or "C warmup" in the cockpit prior tc a high C' rissi-o; 3) go~dcai retuen to high C;
nlusiono after a layoff; 4) iile 'ovenot' of the neck ondec high (12 Icadiu~g; 5) rnairtair good notrition
and fly well rested, and 6) maimtain g'.nd general physical coldatioa. tenigo recto-h ne,! od bch
tontisued to assess any peevntoioe inflect ferom increasing seat hook anglr, with 6z foerces direc ted more
Into thie pilot's Ga auis. finually. cervical support system's sacv be essential If adodvcrd cortical fig~hter
aircraft are denig-ed ro be capable of osostainued perforeaonc levels of +.-SO~ Go ccgrterti

I. Burotn RR, Leverert 51), Mtichelonsc tic. Mion at high surtolured vGn acceleratian: a reioew. denoSp.
tied. 19-14; hht1liS-3i.
2. Barto n iPP., lhioncry ii. iipeeutlor.al C-Induced loon of enno~cloa..ounts ocmothing old; scun-til ncw.
Actat. Space toviror, idee. 1935; 56th12-17.
3. Gillingham KK, Cromp PP. Changes in clinical catditclngic meusuemeots associated with high -C
stlean. Aviat. Space Environ. M-ed. 1976; 47;726i-33.
A. bought-cm JO, Mcoiride DK, Hannah R. performance and phylo)iLogicul effects of atcelerat

t
um-ioductd

(i-Ge) loss of emmnoiouuona8. Aclat. Spuce goviron. lied. 1985; 56:95h-65.

I- ____ __

j-



L aut in il. ;AnalystS of the risK of hso adicdag dun crtro: aeln. Aellat. Spnte

8. Laughlin Nil. Th e effec ts zfo~ on the co--oy circ.a loton ae eie Avit Since E nvlt on. Hed.
I 1981; 5 7 !5-1 (,.
7. Jhnar F, Laughitn 10 111. Sl6 S. rin 1w dttt ,y o- f canoe host-ess and Letlo a ohycntdiai dirlog
.Cc ote. Ait. Sp ate tnvlron med]. 1 985 ; 5 1 8 2'1-3 1

8. Whtto F ScSff.ttftli RN. isacls ti ., et ft C-inluced loss of concinans-s.4 A.tatt Space
Poolrn Ne " 179 50:83-5.
9. fteI.ahae pr i. Atff Irr Ht. ec ni. NATO Odeinor, Gtop for oanspoJco Research and ieoonrt

Pityniopothnlogp an d pathology of spittal Ipis in --top-v mediolo.- (nd nd), 1980i ACARID-AC-250

En g); 1.it,. 134 ,^1, 1i-23, 30-2-8 .
15. leileurI, C, C.osetohy Fa, , Pot It . To~icrooce of ti~r htuea. etovicol spine to hMgt, a~celernontos
a edellin~g approach. Anfot. Spa"e Fte iro ie. 39S4; 55:403-9.
Ii. 51; 1 u A R, Soold It HE , Voght. r 1 iii a PzIrr ib., Lýa-rariat, ii1-. Air Pooce Acteopoos MiedicAl Rnr~e-i,
Laharatory, WOsfgM Patiesrno AID, Oil ti~irtaty siody of 0,e effects of ptolonged acoloration ott
spi 001. dyu _ise 5 f ba 1o"ons , 1981;t ApR11RILI-Te-hS-140.
12. 1),of ihii ft, CrF 0 RH oJ atBM" I. iore...dlI tgo, of the 5

0
P Ma It id Ioc ip Iiinary Work ihop on P Ilot SeIo-t ion

-ed Piyita5 Pitpiica Staodatdu for the 108'W, 3-5 ASp,1i i9i9.
it.t11j PD. lThe tittr uoloeo, oin and3 its signi ficanco an the lsiia o of tonic thotro-lonlc

sp1oo1 injories. Spine 1933; 8:b].-3i.
34. L ,roec .1i. Pain duo Ito ntto injttY. Spine 198V; i0:23f-5.
iS. fihlee MO. rio. Slgnifiicct new. 0nhsrt o on cerical spine tiaa ... 1978, 130:659-b3.
ib. .Sch i ItO aop.,i Ished treptot on rcaon-ejction 1eri.l spiny injuti e s doe to ý aiIn hiphpeitoe
alto~lt .t
37. Sackett DL-. Plan In ana~lytIc -scrotel: J. Chronic Uln. 197; 32:51-63.
1 8. 1r

t
1jd-oGr. Peiner- of c pItienbaigy. 2,d od. Nov Y.IrhtS::u W11, i1d80.

IQ. Car;, rIC. SA3 Insntitttte Inc. SAS onero, golds:snioiz Version 5ed, 1985; 171-253.
2o. Kiviohoan Dr.. Lpldeufeolg5c nevcattit-pa nio-pies and qua"InIt-itute ncibndu. Pelt-oot. CA:otiscdl-t,
1982,.
21. (Cillirhoto K", ittzuS. Leis N1. C otovi-toonertl 0ritr [-4, P-S, !'-I5 and P-IS aircraft lo-tulo
F-1 tourco dovelopecor nod roluvnI io. Stuobs AVBS T -tUkF School of Oreosparo tidictiov, 1955; IISOPSSW
TR-85-5Si. PieilT.::ion liefo t od U.S tlouonet. aenc'ic aed their contractros;

"""i'oouiv "oettona s-c; 13 Roýy 85. Othe r rq-ltr i ahi hr rfetid tott tS, Sop/TID (S l5.
22' I. V an batn 0, Von Del Rigg e lt 855. NATO. Advinoer Greoup for Aerosptace Research and Dnvrlopoocn.

SpSenak-ilc, ratdiographic esooioartin of the opine for s elnoion ofi P-l6 pilts n , ptnlimniatp report.
8CAIRD-P-398 , 1985; 4i-i to 41-4.
23- Vandenho c h P. NATO AdVIOT:o- Group foe Aerospace iteveatoit anti Deciopoetnt. Scetctitt Peocedores ion
F-is, pilots, in the Belgian Ain Porce, ACARS-CP-373, 1984; Ri-i to 81-7.

This recpni is the resoir of original t, searuh done atL the U.S. Air Potor School ot Aerospace Hirdici.e
L(- AFS PAM.), Re-1,hn APR, TNX. A najoritp o ýf s h ,rei- s t woos publis hed i n Aoi.t. Spa ce ttsr:t M ed. 1 988;

59185. The opininon eprelsund herein are thos of thr aothon and do nor -co -rsaily repr.eset the
ufras of rteL Sol te d Stotro Air Pores or USAFOOI.

07.1



Nu-calOskeoletal CondiltiOns Thought to be Aggraeated by Hig~h Sustained

1. Cezoinnl ionnaleJoint DIsease

L2. to~rarlUcgrnesaslne .loii Disease

3. Syond-litis
4. Rysdylelysfs
5. spe.dyilinlthesis

7. Psonlrnett Vi~odnls or Kyp~hesis
z8. Klfpyel-Eeil Aeor-ay (Conestial Shunt Nasis)

9. Spreogel Ansoaly (Congenital 11161Scyta

]0. Anbylosis

12. " t" y tpes T, s octi Trnur s iro enýs L -5 A, i te I a lo i g ul sit tlt 1 I Iconm
13.lroonbo
14. Syna Bifida
15. Spinal Canal Steo fss

16. -Sacciloation
17. iLosboeizaiion of First Sorrel brielbrac

13ý . i babolcglsal Evidence of B-sn leyrcsslo

20. S-ollo so
21. Istrapong Rn~i c tinetht -
22. Signlflcasv C-;orss se hight loss of stty -Careb lBoy

Ssoucs- Proceedings of thLSAF yslt !stdisc iplitt-ty Worksltoy.

Ed. Bottiit iii bc, elort, RM. 3-5 april 1979, 1). 2(,,

Li



S2. 1

"NON-EJECTION NECK INJUHIES IN NIGH PEKFORHANCE AIRChAFT"

David G. SChalI, MD, MPH
Lt, Col., USAF MC. SFS
DOpt. of Ctolaryngology
Head and Neck Surgery
University of Nebraska
Medical Center
42nd and Dewey
Omaha, NE 68105

ABSTRACT
The potential for significant neck injuries exists in today's high performance figntei aircraft. The

G-loads required no produce Injury need not be exeesslve, nor Is experience level necessarily protective.
Fight cervical spine injury cases, due to or aggravated by +Gz in F-15 ani F-16 alrerew members are
reviewed. These include two compression fractures (C5/C 7 ), three left HNE's (Cbi/Co-_7), one fracture of
the spinous process (C7), one interspinous ligament tear (C6-7), and one myCfasclal syndrome (C6).
Mechanisms of injury and evaluation are discussed. Exercise co:rditioning may play an important role In
prevention and protection. 1he role of scceening x-rays and improving equipment remiain as areas where
further work needs to be done.

The introduction of the F-15 Eagle to the USAF Tactical Air Command In 197h, and the F-16 Fighting
Falcon 5 years late,*, heralded a new generation of high performance fighter aircreaft with significantly
enhanced perfotmacce capability. Compared to previous generation righter aircraft such as the F-a Phantom
I1, the F-16 has tvice the turn rate and ues halr the turn radias. This enhanced ubilily to produce
abrupt onaet high-G a3ads, as well an to sustain them at higher levels than previously experienced in older
aircraft, presents an additional. stress to the cervical spine. If the head weighs 3.5-5kg (1) ith 1.8-2.?
kg or headgear added, static load equivalents of 48-65 kg are generated at ý9 G,. The cervical spine is
capable of sustaining axial loads of up to 91 kg without difficulty, en evidenced ty native Africans who
carry loads of produce on their heads on a daily basis (2).

FPgeter aircraft operate in a dynamic environment that often requires a nearly conotant vigil of all
sectors surrounding the aircraft. Abrupt G loading in a defensive or offensive maneuver frequently applies
a sig•ifncu.nt load to the cervical spine, in an other than axi.1l direction. flis, in turn, cau cause loss
of bead control or failure of a musculosiiletal component of the cervical spine. It has been noted that
flexion and exteslion injuries are produced at approximately 50% of the loads which cause axial compresnion
failure (3).

The problem of neck injuries sustained w.thin tr Cochkpit envlronment is not a new one Pnhllips In
1959 (4) described a student pilot who suffered an acute flexion Injury to the neck durinh a -9 G0
emergency pullout in an AP-h. The student recovered and landed the aircraft, but several Pours later pre-
sented with eataxe. The etiology was never clearly established but was thought to te a corebellar con-
tusion. Neck injuries have aiuu been described from contact wilii the canopy in rliglt, resulting in
fractures of multiple cervical vertebrae and incapacitation of the crewcembe' (5). Recently, a eompressnon
fractnre of C6 was described in a flight surgeon froin the Royal Norwegian Air Force in an F-16B during an
abrupt, sustained, high-G defensive maneuver (6).

The following cases present s spectrum of non-eJection, non-impact cervical spins injurien due to +wz
loading in high perfort-ance aircraft pilots. All had a negative history for ejection. or prior reck Injury
unless stated otherwise. Post had participated in a variety of collegiate sports from football to pole.
vaulting.

Case 1. Compression Fracture of C7

Patient A was a 27 year old white male F-15 ctudent pilot, 180 em tall, weighing 68 kg, with a thin
build. He previously had been a T-37 Instructor pilot and accumulated 1,100 hours (hi total fiying tine.
Equipment: Helmet and musk Used was a hGU-26P/MBU-5P (1.9kg) fitted with Velcro pads only (not custom fit).

Mission: Neutral basic fighter maneuver (BHM) proficiency ride.
Discussion: The student was flying the 3rd engagement of a head-on neutral BFM attack on a hazy after-

noon and wil having difficulty with target acquisition. Vilsual Identification of the opponent occurred
late, just prior to the merge. A diving 6-G attack was initiated. The aircraft quickly oversped in tie
vertical, with the student rapidly approaching the floor of their altitude block. The Instructor, in the
other aircraft, commanded tne student to perform a tighter pullout, which he initiated. However, at 9 G
t---G-- -- -- -az un-ab- --c -- -t-in, - - - - - -ad - -:--- -pr--..... ... .....---- --- It -h------- flexe ...--- -hin chet
where it remained through the compietion of the pullout (Fig. 1). The student experienced a sharp pain it,
the posterior base of the reek, but was able to recover the aircraft without further difficulty. The
mission was terminated and the return to base (RTy) was uneventful. Neck soreness persisted post-filght,
which the student treated with all external analgesic ruthblg compound. He noted no r.eurologlc symptoms.

The following day the student flew four engagements aid repeatedly experienced sharp neck pain above 4
G. He saw tne flight surgeon (FS) after the mission, who diagnosed a cervical muacle strali and prescribed
analgesics and musiet relaxants. The medication caused nausea and vommtlng and the patient returned the
following day. Osteopathic manipulation was then performed and the medication was changed. Feeling
better, he wan returned to flying status (RTFS) 3 days later. The next day he flew a mission to 5 G which
caused significant pain and muscle spasm. C-spine x-rays showed a 22% compression fracture ef C7 (Fig.
2). A bone scan performed 7 days after the initial injury showed uptake at C7 (Fig. 3). The patient was
Placed in a PhildelPhila nollar for 6 weeks, followed by a soft collar for 3 months. mmc patient no longer
desired to fly high performance aircraft, and rdos RTFS with an Air Force Category 11B waiver (tanker,
transport, bomber aircraft--no ejection seat). He hqs had ne further problens.
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Cast 2. Mild Compression Fracture Oa C5

Pa'lent B was a 29 year old ahlte male F-1i instructor pilot (II)/Fi-ghter Weaponn Schoý)l FWS) gra-
dute, 163 em tall, 77 kg, with a sonular build. he had ',150 hours total flying experience which, except
for rndelgraduate pilot training (U0T), was all in tire F-15.

Equipri"t: H-ilect and cask used was a HIGU-0eP/MBU-l2i (custom fit).
Mission: 'lefensive hIM.
Discussion: ThP incldent occurred during the first I V8. I engagecent, with the minhap} 1P itr the lead

F-15. The student was posltioned in a low 5:30 o'clock poSltioo relative 
t

o the If's aireraft itho rose of
toe aircraft is 12 o'clock, the tall 6 o'clock). Tile instructor Pegan a 6.5 G dsncending left break tapir
away from the studenl . moving tire studnct ' aIreraft to a hligh 7 o'clock position on ilhe mishay Filot-'s
canopy. The instractor moved his raed durring this turn fr-im a rlght, dowrnrard gaze to a left upward gaze,

auring thins transituon, at the enidpoint of retation, iri neck bcoame "looiked." Ihe inStructor, not ahtout
to be defeated by a student, immediately forced his neck through this reslatanice, experiencing none c"epi-
tua and pain in the posterior neck. No nerrologlc symptoms were roted. The mishap IP flow two more cuga-
gem.'nts and repeatedi- experieneed pain on G loadrog. C-spine x-rays Showed a Il0 compresolon fracture of
C5  (Fig. 4). A bone scan showed uptahe at C5 (Fig. 5). The patle was treated with a Philadelphia
collar for 8 weeks, a soft collar uor' 4 weeks, followed by physical 'ierapy and neck coiditioning exar-
olses, lie was RTf5's 3.5 months later. He has had no further probterms, and is Still flying the F-1..

Case 3. 4-7 Ici.eraplnous ilgamrernt Injury

Patient C was a 24 year old white wale F-lb student pilot. 188 on tell. 86 kg, rilts a lean euild. lie
had a total of 300 hours flying tnm.

Equipment: Helmet and mask used was a i!GU-26P/MbU-5P (custom fit).
Mission: Oefenslve BhM.
Discusslon: The student was flying the fifth engagement of a deferlsive bFM h nlisolo. He suffered a

neck strain while checklng his 5 o'clonk position over his rlgirt shoulder at a G load of approxlMateoy
4.5-5.'1 G. he eperienced mild soreiress after the flight, but did not seek medical attention, lie pla)ed
volleyball that eveilng, and, while performlng a right-handed overrand spike, experlenced an exacerbation
of his neck pain during the foliow-through notion. Tire following morning he had further pain and spasm,
with slight paresthesia in the right arts. Thts resolved in 18 hours. Cervical spine x-rays showed a
widened C6 -7 InLtrspinous ligament (Fig. 6). He was treated with a Philadelphia collar foc 4 weeks and a
soft collar for 1 week. Physical therapy was given for 3 weeks. hen student successfully compoleto his
training, and is flylig operationally without problema.

Case 4. Left Hepnlated Nucleus Pulposus (Np)(; C- 6

Patient D was a 35 year old whitc male F-16 IF/Figihtec Weapons Ichoo; graduate, 173 cm tall, 72 kg,
and of medium build. He had 1,200 houre in the F-h and 1,000 hcurs in the F-16. Bie had bee. ijory-free
in two motor Vehicle accidents, in one of whichi he was thrown free of the ear and walked away from it. fie
had experienced three to four episodes of neck strain in tire F-16 which he had self-treated with heat and
aspirln.

Eqi.pment: Custom fit HGU,'26' hicitnet, MBU-5P mank.
Mission;: No specific engagement.
locrossiDn: The patient noted a gradual onset of parestheaia in the loft arm which occured onle wien

loads greater thar 65 G. were applied. This is similar to a diagnostic obrersatlon knowir as Spurllirn's
maneuver (compressing the head of a pntlent suspected of ceroical radteulopathy; a o.sitive resulz is
reproducing radlcular pain). He at.tributed these symptoms to a possible stoulder strli. related to movig
furniture. Hewer, tahe oy-Pot s yoeratrltid for I months. and tie begart to experience weakness in his left
erm, especially aren hooking up his arlti-0 suit. Hc finch0) presectea to ton o 1"*t ,u si'ccn o-tier• t_
tent left shoulder pain, left biceps weakness, and oumbness down his left arm into his thumo. Auil-
inflammatory medication for I week provided no relief. lie was then plated in C-spine traction for il days,
again with no relief; a myelogram showed a left HNP at C5 _6 . Surgery consisted of an aiterior
dioceCtomy/osteophytectomy. Symptoms disappeared aes he was RBTS in 5 moaths without s3equcLae. He has
continued to do well ini the F-16.

Case 5. Left HNP C5 _6

Patient E was a 29 year old white male P-16 student pilot, 168 cm tall, 75 kg, with a medium build.
lie had a total Of 1,200 hours flying time with 700 hours QlV-OC, 340 Hours A-7, and 15 hours F-16 time.

Equipment: P-otectlon incorporated light wt'.ght single viSor helmet with an MBU-5P mask.
Mission: Defenblve BFM (DIPM).
Discussion: The student was flying the third engagement of DBFK arid had problems checking his 6

o'clock and tracking tire Ip's airplane under G loading. Looking over his left shoulder to 7 o'clock with
maximal neck rotation he attempted to check the G-reading on the HOD (head-up display) and noted 6.4 G: he
then looked back to left 7 O'clock. He experienced neck pain, whtch radiated into his left arm, with this
ms canr. 'h'w ww.e ha flew a repeat DBFM and experienced pain when looking over his left shoulder.
He was unable to check the 4-7 o'clock position inclusive. Six uc- ýr.Cagi=Znt-t of jOPM wain flown nnd
neck pain and left radiculopathy spyptons persisted postflight. The flight surgeon noted a mas-le spasm in
the left side of the student's neck and injected it with local anesthetld. Physical therapy and cervisal
traction for 3 weeks provided only slight inprovement. A myelogram showed a left lNiP of C506.

The patient underwent an anterior discectomy/osteoihytectomy and was RTFS 5 months after the opera-
tion. He has done well in the F-16, but has noted occayional neck pain at 8 G and ahove, when hia head is
not properly positioned.

Case b. Myofancial Pain Syndrome

Patient F was w 37 year old white sale F-16 Ii , I13 N m tall. 74 kg and of
mediune build. He had 3,300 hours total fl ing time with 1,000 hours T-38, 700
huars F-h, 720 hours OV-10. and 770 hours F-16 time.

I
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EqunlpMent: lh:d-4BF helmet (custom fit) and an Mh11-121 mask.

Mission: No specific engigemenit.
ilsCunsIoa1: Thhe patient noted transient neck soraess, aggraveteJ by flying, for approxleately I yeIr.

Three mionths prior to evaluation, symptoms began occur'Ing •torse regularly, especially on 9 G student orleen-
tat Inl rides. lie would schedule to avoid these ht1h G 0lissions. f

t
s Symistotni frinally caused him to seek

enulueti by thi flight surgeon. The C-spine x-ray saries woo nogative. Analgesics, arid anti-

Inflentsatory medical loons and OSteopathlc Ma::l~oiation were frovided. Tite symptoms progreased to inuntniens
and tingllng Into the right medial forearm. Elect romyography (liG) flndoign: were consistent with a right

Co reroc root irritation. bone sctn was negative. C-spine tractico wa, applied for" 1 week. C1 and
myelograms a.ere negative for HaP. The pattient gradually improved vfter a h-Week grounding. Hie r;ow deilnu
any retourt of syaptoms, and regularly p,rforms warm-ups of his neek prior to &IM missions in the F-16.

Case 7. Fracture of Sfinous Prucens Of C7

patient G was a 36 year told white male F-16 It', IN' cr tall, 7r kg, wiit a thin u.l1d. Hl hld 2,250

hours total flying time Including e50 hobur f-4, , 30o T-38, and nO hour. F-16 time. Four years prior io
the currtnt injury, he suffered a hsperoxtession Itijory to the neck secondary to a rear-end automobile

collisIon. The injury was treated with nedlratton for 4 days. HA also had a history of two significait

neck strains in the F-t, 8 aend 10 years prior, secondary to "head trapping" during h.Ihh (; loading In tnt'

back neat as an If. Sine-: he began flying the F-16 3 years prior to hbi Jit.J-y, hie has reg.larly performed

isometric nerk warm-up exerlsns 3-4 times per week for approximately 15 minutes. There was no hlistcry of
ejection.

EntIpment: HjU-t 1 P oustom fit helmet/HPU-12F mA,:o

Misior,: Offensive BFM (OPPM).
tlscussion; The patient was flying as an IP in the hack seat of a F-16B for a Student hBFl mission,

On the asconen elgage•-ct , the stuaent began an abrupt 5 G ci•bIning ltUot, th.' oppo.ite of what the 1P
eapected. The If was looKIng Over his left shoulder at tile tine, slid felt a Shart pain at the bahot of tits

once. Tfe If reponitiotted hils hean to neutral positioc witio,-ut further paut. Tw,) more engagements were
flown (uonier 5 G), The IF avoided -ur.ler ileek positilning undeir G toading. Aiproxsmately 3 hours after
latding htc developed Increasrnig pal. C-spine x-rays late;p that day showed a fracture of the npinoun pro-
Cess of C0 (Fig. 7.) Analigsics- and a soft coliar for 2 weenkS, followed by gradual range of motion and
strengthenrttg eerelses, resulted in improved symptoms. He was RTFS after a period of 8 wecks. He con-

ities to perform his Isometric necn conditioning vxerclses.

Cafs e. Ltft HNf C6-7

PaLient H -os 36 year old whllte male P-th IF. He wao 173 cm tali, 80 kg. with a stoc-l Fulld. He had

i4,0Pod hours total fylyng time ui,.h 1,200 hours F-I6, 750 hours F-4, I 300 houotn T-38, 600 hiouor W-tO, and
63 hours F-5 time. At age Id lie hit the front wlndshield when hos car itit a tree. Tnere wan no loss of

conscinosness or neck itijury.
Fqutplment: Custom fit HOUi8Aap helmet/MhIf-12P mautk,

Mission: Irfencive BFM.
Dlisousion: The patient waS Instructing a stodetit ott defensive BFt from ttte eack seat of on F-1dB.

Toe first etigagecent involved an attaoker at a hiigh right 5 o'clock posit ion, who thes ryspositlonel to hign
left 7 o'clock and proceeded to a deliberate overshoot. Tite student perforced an unloaded 1800 toll, lrien
snapped foul ftL stick to 9G. At this time, the IF had beent lookig to the right, 5 o'riock sld do: leg th.e
attuck,er's trannttion te tine left 7 o'clock the aheupt , orieape2ted G forced the IP's head itito eI lap. He
uced both tatdt to pus1 hiS bead ba,-k into positlcin, and felt a buriing sersoation in: the left sidiitne
posterir, teek. He flew two torn-e orgigenusntS and noted disronfort in his neck in the left lateral gaze

posaition. The burning sensation pernlisted during the remainder of this fliglit, bht no significant yNilt wan
noted and all sypptoms resolved on inns,-g. That evening the patlent noted neck 3tLifftess and decreosod

mohility, which he treated with aspirin. He flea three nre t tlsec 'n' -cc 'l- ti ft ot aeat up to 9 0
aw(hoot any aIrattfI'cant prohlem. TN. neck stiffness rladoki lb returned. Tnat weerkend he exnierienced Sharp

neek poln the left posterior rtoline which was w-rse when looking down and to the left. Again, he treated
himself with a heating pad and extra-strengtlh qcetaminophen. The following dAy, while tilting hin head
back to shave the right side of his neck, he experienced a severe shooting pair; into his left a,-, which
broutght hbm to his kerses. Toe flight surgeon noted a deeresued biceps muscle mass arit decreased biceps

tendon reflexes on the left. C-spint x-rays ,ihowed disc narrowing at C4,5,6. TracLion initially improved

ssyptosm; however, hic symptoms gradually recurred over the next 3 weeks dlnpfte his douitg oily light

office work. A myelogram showed a left H!fP at 6 _-.- He underwent left anterior diseoctomy/osteophiyLecttcy

at C6 , 7 and was 0T7S after 6 months. He has had so further problens In the F-76.

DISCUi-SSION

Anatomy and Physiology

Tho cervical spire cosniuts of 31 joints from the bottOfo cf the skull to the undersurface of C7.
oeLweoti adjacent vertebrae there is a closed five poInt support sysreM. Toe five points are the Inlereer-

teyral disc anteriorly, two zygapophyseal joints posteriorly, and two neurocentral joints (of lo.usolka).

Maiahinrnerit or distortion of any one of the five support elements strasans - enn f"g -c ,- -

W71.n Z 1- Is "'ttsc6, it seLeroorates. When the other elements are stressed, Spurring occurs in ai,
atteopt to stablliton. Injured ligsatmente also tend to heal with alcitcicatiov. Qi-onic muscle imbalance
from the ihiltlil injury may also cause stress and instability at distant lecils (7). This In turn may
cause spurring at Sties other than) the site Of injury.

rnere sioe exists an important cervical iooking mechantsm which Serves to prttect the neck before
vascular or nerve damage cau occur. During extension, lateral flexion, and rotation of the neck, the

transverse processes of the vertebra engage the top of tioe upper articular processes Of the vertebra Imme-

dictely below. Narrowing of the spinal canal Is arrested by the locking MeehantsM, thus preventing damage

to the sptnal cord. The vertebral balance is maintained by the ligaments and muscular forces
acting through continuous adjustment. The isolated ligamentous spine, devoid of muscles, is Incapable of
supporting more than 2 kg without bucklling. However, Itis important to ncte that patlents with total
paralysis of the cervical muscles have no clInical itatability. In the cliileal sense of stability,

ithe ligaments play a primary role and the auscleS a secondary role (8).
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Tire ncOrelstecrig? h of th~e ilot.-e cervical ei .cbrehe has been, slnr to be ear-cutes isri~eer, aceu
Pn-f.At ages 40-49 the tensile strength decreerds, app:-nolmastey 201!. (31 There also is ar in vears3e rets-

tionstrip U-Laern range of mcntiort anid -ge: as aige lv.;reu.ies, nobility decreases.
As mri'tinscd In the, letrodiretucri the cervical spire is capable iaf Ou-,iyg greater loands, Saally timen

I-, Plicnic' exsterrioiet n- toes ý Gr i -loads In toe en--rent dynamic Cockpit envir-onsent are ucahite of
canning stresses ini eaceis of wi~as, ti, cervical nerisur-i systes run safely tolerate In sesae Isileidoals.

Eralutios arid Work-up

History is9 important1 fii hi-, esauinutiori Air-ecrw frccrnst iv do r-ot aoknrwledge, the Asitor) of' treasnm,
a! I Lire anroint of freer required to pro-ace oeccult frii~tuCCs or othe.- Injury 'o tihe CerVical spire ca, be

iisiIt- is irol-ortart to 3scertaln t.-re direct iorr of force as ar-I I as4 Its mode or onset, draijon, sri,
IsucatL Ir.i. -neoalu'tO oy,IptoMS 3uch ;:n Vr uhuru l ensory tniorreat it inn turid theirdiir ire
r,,l

t 
diro'der, netio. nes. d:Arrpts sstys, or, drfcr-cits sibl. e detoreinr-1. Wrrile trauma Isfr~,h tire t Ildciy cornare cause of Aim n ir-ltiec of Lire vervalcit spie It, UP, wirLs air-crew i'cprubatioo. sine

shou.ld amy. consider 0s rule out, suet. sOedition0i A.r Leemr:3, lefuectaxs, congest tai ea) format Urn:., influr.-
eateory disorders dgernrtn dodr e ari -cuo rd VuCLIIitre disease prOCese4ts - $)9 Incesiact&'ing the history, Is 15 irspertuci to diffefestir;L irs e-rsaroloZicat lesiono, iiryofotsiený i Luer
otteCr types Of cervical spinle Injorle) . These citrinprrai tjtjai'es are o~ften Callted "butlccci" because of
tire s~ea-leg pain tt~ey pre"ise fit a redicular distribuition i IC,1r ). To alssu "tis the Byni-ptoros are i-ru-
ducci by a herniate' disc ii pdtestrii~y ',o niiSe-jago the patient and peast51;' greirid hill. for' snrrccessiariiy
lung frue Cdo sci t Ime

Oerll lr-uort al~so nut- . Ic_ eojsul~erc t. Tine tinsel uveqt-'vec of events is heel patis tr-odiaiciy
fol lowing inijury. Tee psIn then trecoiner is-n ist-rene or esen diu~ppr-or-n ad ti-n nuslete uf tire sect: ge kInt

spain and snot as ar Isr ernul spunt. In., onrerew one as', rotI repot for cetvaucli-h at this tim,..
However-' us the murCies tie., tire pae rerr. Or, Worsens. ,Sy-I'tos nor-y persist, or they may dis.,appear or
perhaps return, P third time. Ah occult irtjuip shucid tire considered withn Such a history of rcurorent irrck
pain, eves if tho pationt Cesino recal1 ur.y prrcititlatinig trairr'. (7).

Pirysical harai.

T'.e p, ysieat XCIuivtln. Sic Ion31. , at teoupt hc epomnrate arncnhltifr-on ce igc ir- 3  e' el-itL
Insiability, and to diatsinlSjIr upper rooter rear-os tree iower si-O.r neeron signs, It 9 jotarfor, tire

k - coniang oty-ceicar- to Ire familiiar with tfu er;!ica spectrus. hf furIreg9 J.reOClated asti e~r-reea sýpine

blagesolicr Tests

C-s;i ne n-rays; rr'main thle zlnitLl OccicatiOri too! for- sosNpecis C-spree sejois inaut1nj

hnitaatsess, vl,0ev C:-spine be-jury n, suspec~t-rd, a latteral err-it [I>l to include C7 -T 1 sonJbe obtained.
Tar scout I lle is revieweýd Ion nyidcn-eu of fracture * dislocý_ato , rl irytuoi lity t-efr-ee artsror -pes teelfor , iastcroIf tlc:iýour teuteis iorr, and ohhp u tiles 41., are Obtdiri'i.o Ocr-itt i-cci es I ns are usis"y
not appreciated on thie first: set cC roaiseCsierclrsai a eir pca eurn in ru.rn pr-
jnecionrs for t'ire- drirtc(orl,. t9i.ii ~ ~~~~Mcelugrahi,,y , CT, Or it RInmytl is- assist in tu hrir' ec~tsatur-r. of spnprit ltsiBur-ic!,-.tigrapby
iscnc) With 

9 9
1e-'ctlyinyerr Claphs5photc(r IPII or 

9
%?c-'rydre ry.ntet0iy-nri Ciprcusrilatc thily ar-c Useful is

Ovcektg r iec I.sease instenarsinritis, I and! acute iriurned lcosprvsisloc or -itresen frantr er Fn - MP erie.
assist iii dtiri: lsjurieo, ems bohe scareof rtne majority of spisral fatr eaet ooli
moniths t9). Elsetromyorrpe-pn cur; at~ot heip distinguish betwr-u spisal Cord. braehiat firuca. arid periphecral
snenve lesioens uses osirer stulieý are inreoneludiuc. lFur-tlsb infsretir om on the stove tests and current
adea-ur ecite saiy te rthund I.c thie ere-ent o .r-agi aicnd ruadioigis lteratr-n.)

It izs beyond the hiotof thin1 loper to diusr-,sr in entail the treatsrr-,. and ranareserscr of the curious
cmbinationd of creten t spinre Icj flea tnot sue, recur. Appropriate o:rtu opedic or nearosur-gicat. eon-
so~ltat mu sirvild hr, ebtul'. ed whee -rrecific irriaries ate icapeete~d o.- Identified,

Ce~rruiacoivllum: renoain a. i-rtudae so~lity of treatmnet for a diej ,,nrinty of neck injuries treated
en at, oni ytterit tarts.ý in nrnderstarrdtsg of their lim~itations Is irpnrt~ant Is rtaunlging pat -ients With noeck
jeju:'Ies. If theý siuhilloing liaecs'ane lost, thirr Integrity, a enilovecat or halocust rosy he rensitred.
Ctrnc-,-thorac.o hrorns ad heaven wIth mandibuolar --Uport limit a h Igh perceatage oseIon iv Q teSagt-
.2 1 lace, le-t the r -1-1 ts effori ice than the haio is restricting rotary ornlater~al ectiod US) Soft
er-ljars pro~vide gertin sapport, ann act as .2 ruoinder to Lye patient to lnimt neckr-h 'mon: they do hot
isroh-iiice. The cocturo sirucir tin worn ast loris us it tikes for the fracture, ligaments, or soft tissue te
mealI. Genlerally. thns collars are 6ors. ic;. a mlisinnoý of' eight to ten neeks, dependling on tire type oh
irrIacp. It to hetuer to err tousi-d iongs.- rattire than mhnrter werar * This is frequectip a diffurrult. taosk
w-L; tnMost fight r air-crew.

It izt inp rctant that tncmatutahi I ty ofi th~enseek tieoassessed after "healing end before the cer-Cuemher
r-Luirrrs to the hi- t EI n'reunset. 7r. additio - r lorri ! tre "vtr.giy cos-a o5i wiroJrtau reck
.,-i rgiirensng -. id cooditionieng before resuming fali flying activity.

S There are a variet;, of neck strengtheninrg exercises, Including neck hridging, buddy System resistance
earý nInes , tine rise of a head itaroess are/or steeHps with fr-erý wei~rt., sand sack reni~tasice miachirnes . Many
nip the enerict.,s are awkward, lack specificity, and produce lens than optimal reis~its.

* p A imember of neck ondnltiosing machiries riace bees deceloped for protecting football players' mas~ks.
Studies dose With kest Point cadets bane showsi significant Increases It, seek strength usieg suck macnines
C1.1)1. These mnachsines pr'oeidel reslstance through the full rungs of motion and do it safely. Toe described
workout coonsints of ala exaredses (lal sin of which Look 8 anie: Sholrcarr Shrug,
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neck roT. Jino, and exe'cclser on the i-tiy nEck macnine (flexion, extenaion, right and left lateral
fleLon)i. In one study, one group peroGraod ,hole body conditioning along with neck ýrainlng twice a week
for 6 w"eeks; a secend group pe,,fokoed only neck exercises three tLime a wnek; and a third (concrol) group
wax included with en formal rietk training program. The increase in relathve strength of the necK noted wan
9 CI, 571, and 288, respectivnly. This study indicates that; 1) total lQdy condudtloling is important in
achieviig a 31sigiJficait Increase in neck strength, and 2) a brief neck-exerolse tralnlng program lB min,
two tineS a wuek) can girt a signlficant increase in neck .trenitt when performse4 on proper equipment.
Many fighter aincroy, epeColally those in the F-6 cuommunity, b:ave deneloped some form of neck conditioning
on an indjvtd al basin. Various harnesses with free weights have teen designed by airccew for exercising
the;- neck,- aquo ave been recommended in tile flying safety literature (13). Most fighter aircrews perform
inek warmups In the coskplt prior to taxling or while waittng for takeoff. This condLtioring becomes even

more imporLant for the older crew-member ano the Infrequent filer.

head PooitJorting In the Cockpit

Various techniques have evolved fo, head posltionin i5n the high-G environment. In the F-16. some
aIrorew position their head prior to the Sigh-C onset, and If repositioning is required, the aircraft is
unloaded (G load iS decreased) and tee head is repositioned. Others "wedge" their head against the edge of
the seat or canopy to eneck the six O'clock position while tinder htan C loads. Still others are able to
move their head around In the 9 G environment witnout aFparnt difficulty. It is also interesting to note
that elay pilots (especially older ones) prefer, and find It easier, to look over their left shoulder
rather than tL,: right, a8d will often arrange defenovn engagements to meet this prefeence. Th[in cay be
due to the traditional placement of the stick between the legS and e left hand throttle making It easier to
look left thyn right. This sous not sees to he a habit In new F-16 pilots.

In the F-15, which has the same ejection seat as tile F-16, the eutire spine becomes involved an sup-
port because of the relatively vertical poritionIng. Aircrew wilt often puoh-off on Tile canopy with one
hand to brace themselves, or use one of tnn "towel racks" (canopy handholds) to assist in their viewing
(Fig. 8). because of the wire vertical configuration of the seat, It is posslble for the head to fall
further forward if the norrentrum of the head pulls the torao forward (Figs. 9, 10). It is also more dir-
fio.lt for theý pliut to visualfy scan verticaliy idirectly above the canopy) (FIg. ii). Physical strength
becomes moro Isportant with this seat potithon. Figures 8-11 show various viewing positions in both the
F-15 and F-16.

Equipment

Helmets have continued to te improved since the P-f helrot tas adopted in 1948. Current single-
visored lIght-welght helmets, such as the HGU-26/P (approximately I kg) reportedly are more Comfortable and
cause less fetigue under repeated G loading thar was the case with the older helmets. Protection of the
neck during ejection and impýct continues to receive research attention. This r-9sea-vl includes the deve-
lopment of mathematical models to evaluate the hiodynamic response of the head and neck to ejection and
inract forees (8).

The basic premise for neck protection is to avoid distortion of the neck beyond its mechanicai limits.
The most direct means of preventing injurious neck disLortion is external reinfortorelt of tie Cervical
spont, heau to torso. However, a device capable of suct reinforcement muot also be comfortable to wear
without being a hazard or causing interference durne8 normal or emergency tasks. Several interesting
desigos were considered in the late 1960's by Mattlngly il4l(Fig. 12). Other concepts of protection are
seen in articulating seats which can provide head and neck support in multiple viewing positions under
varying G loads as proposed by McDonald (15,16) (Fig. 13). Further work in the area of neck protection
equipment remains to be done as aircraft continue to Improve in perforcance capability.

Screening of Airerew

Fcc~me-adalo-,, for Lne centist Screening of potential fighter airerews, as well a2 For recurrent exa-
misntions of current aircrews, have hens proposed ltY,18,lgi. Tne Royal Netherlands Air Force (PNLAF)
instituted medical screening in Decomner 1962, with their Introduction of tile F-16 (20). This screening
consists of 1C x-rays: 4 lumbosacral spine (iApiateral/2 otliquci), 2 tbroaeic spIne (AP/Iuteral), and
cervical spine (PA/lateral at rest and In flexlon and extensicn). 11ls given a calculated exposure dose of
650 mrem. As a result of this examination, 201 (45/225) of aircrew appliuants were rejectee for x-ray hvi-
dence of spinil abnormalitlie. Only 2% ih/225) were disqualifled tecaune of cervical spine abnormalities.
The RNLAF also examined 196 ualilfied fighter pilots and found 24% (48/19o) with cervical discrders, Four
pilots were rejected from F-16 duty lecause of cervical discopathies with osteophyte formation (especially
whed the osteophyte involved the back side of tLe cervical Canal). Three pilots received a G rustrictien.

The French Air Force has adopted a similar program (21). Powover, statistics from this prograb have
yet to be published. Presently, the IISAF does not require spinal X-rays for fighter aircrew candidates.
It is doubtful that any of the elht cases presented in this report would have been prevented by Initial or
recurrent sereaming.

CONCLUSION

Tie potLiential for significant neck injury exlsts within the current operational envrlope of today's
high pprfennece flhgne (lhFl alrrft. iltough him lnuwl Cases 0i signilicant neck Injury due to high G
stress are few, and have not resulted is permanent grounding or dIsability, the ntmber of tactical aircrews
currently on flying states and the lumber of sorties flown on a daily basis suggest tnat tie pcssiblity
erists for "ore serious or catastrophic neck injury. Airorew experience level is no protection against neck
lijury, and G-load eopoeure need liot be excessive to produce injury.

Exercise conditioning Of the neck has iiganflcantly reduced the frequency of neck Injuries in football
players ano can offer significant protection to today's fighter airorew, Total body conditioning is pre-
ferable to simple neck exercises. A variety of methods and types of equipment are currently available to
achieve these goals, acme better than others. Twice a .-ek Conditioning of the neck can give signlfisant i
Increases in atrength over a short period of time. Flinfanoes, personal preference, and available space are
all factors that have led to a variety of conditionieg programs by airorew. Airerew membtrs should be
instructed in safe methods of Conditioning, and should also be taught how to ruooine Signifioant sysploms

or Injuries
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Eq~s~t(seine and msak desigr) haq improved, hut neat desigrin and ot her mears of' neck surpport.
deserve fuither research, especially for the next. generation ,f fighter alrcraft.

Screening of WSAP HFF airo-rew oanediaates. P5 well as prenorot fighoter aircrew, aimo spinal n-rays is
currant).y a 5eensttlvu issue among toth atrrerni ad;( the Medical coMnanirity, and whether neckh screenling will
eventually benompe standard practice is uclkonew. fieenrtliless, nlight surgu,,ocs who support yPF aifrarw must
maintain a htgh desran of suareness of the possibility of & serious neck injury alien curing for ;lIrcrew Wrin

prasncer with neck. Complinitt.
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CaeNo njury Meohaniitc G LoacQ.-G71 Hinsio..e Aircraft-

Compressison Pa C7 Acute flexion 9 C RNhM F-iSA
2 Compiession Fi 5 Forced lateral gaze 6.5 G DNPM F-15A

9 Internyteous -gmn StrAined0 on ripght 4.5-5.5 ri DBPM F-lIP

teer a C6-7pootet, lot Vze
4 left ill GC5_6 ho mp-clfic ii.Joie --: at 6 0 - -S

5 Left "OP C;56 Strained on left 8.4i G !0RM F-i6
postafor gaze

6 Night Gn, myofascoat No0 specif to In 'ni-y SA at 9 G F- -1 6Ap'e
cynoruac&

7 Fe ept,-;eun prooesba C7 Neck trapped Ar left 5 0 OpAN F-ion
ga.ze with nnc'pectedl
rigut torn

8 Left HOP? C6 -.7  Ne ck trepped durling 9 td DlIfM F-1ilB
tra~iiattus fror.
rlight Gce to Neft
gaza

mission:
DhP7l ~fnousln basic fighter wrneuvars.
MM71 -efneutra basic fighter maccuvrar .
CHil offanateie banto fighter ramaueevrn.
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Fig.i. Case I-Ponitios of neck aefore and after collapse of neck nuscies'
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Fig.5.-Case 2-Bone ,can performed post-lnJury showing

uptake at the C5 level.

Frg.4.-Ca-• 2-Lateral cervical spine X-ray showing
a compression frattur of C')

Fig17.-Case 7-Lervical spine X-ray demonatrating

a clay shoveler's fracture of tihe spinous process

'ig.6.-Ceae 3-Lateral C-spine showing widening of ;7 '

of the C _Tinterspinous ligament.
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fig.B. 'Checking 6", in the F-16i, demonstrating how the head must he positioned off tile seat to %,lew.

FigS.S Neck at niormal repose In the cockpit of the F-le(left) and the F-l5(right).

Fig.1I. Fronard fiexion in the F 16(left) end the F 15,right). Ntent that in the F-16 with the 30"aeatheck
angle, the cervical spice is aiready flexed, thus decrceajong the distant.e ft must travel to reach maximnal
flexion In the F 15t the Seat la resatiVely straight and the cervical spine relative to the thoracic
Upine, 13 capable of further mation;acceleraiioo relative to it's starting position.

I INN
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Fig. io Viewing the vertical in the F-t6(left) and the F-15(right). Note in the F-lb the torso against theseat with head back again3t headrest, In the F-i5, note how the pilot rotates his torso, pushing off sithhis left arM on the hand hold and his head back against the canopy.
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FIgS.2. Concepts for Neck protecrion ab prupesed by Kattinglyi,4).
Fig.13.(Below) Artic••ating seat/headrest as proposed by FiiDonaldý15,16).
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A SURVEY OF CERVICAL PAIN IN PILOTS O A

BELGIAN F.16 AIR DEFENCE WINO.

BIESENANS. I *; INGELS, N *t: VANDENIOSCH, P

* Ned -1t CO]. Flight Surgeon I Fighter Wing
Base Ch. ROMAN 5998 Deauvechain BELGIUM.

** Med Lt Col Chief Medical Section Belgian
Tactical Air Force - Kwartier KOning ;lbert I
Faketstraat 70 1130 Brussels BELGIUM.

* eMd Col. Director Acromedical Services
lBelgiat. Air Force - Kwartier Koning Albert I
Raketstraat 70 1130 Brussels BELGIUN.

SUMMARY
Since the 17-16 replaced the ['-104 Starlighter in 1977, the pilots of the I*

Fighter Wing (VEf') complalned frequently from neck injuries sustained during and
after their High 4 G2 interceptions. Till recently, Aerospace heodical community paled
few attention to this new clinical problem, although it was wel known amongst pilots
flying high performance aircraft (HPAI and flight surgeors.

In thls report, we Communicate the results of an anonymous questionnaire,
concerning neck problems in pilots flying the F-If In anl almost exclusive air to air
role. A sample of 30 pilota answered this questionnaire it, 1984 and in ;988.

Analysts of these questionnaires showed 50 percent of our pilots e-)orted
having neck problems flying [-16.
No positive correlat:on between the age of our pilots and the prevalence of cervical
paln Could be demorisIzated in this small group of fighter pilots. Oubsequent taeters
favourising thes neck iniuries, are the weignt of the flying hE.!met as well an the
combination of an inappropriate and insufficient physical training program.

Neck iniuries in pilots of HPA are a real occupational hazard and wc need
further long term follow up studies to assess an eventually cumu'ative effect of
repetitive nigh G loading on the cervical spine.

INTRODUCT ION
In the beginning of the seventies, a new generation of high performance aircraft

(HPA) was developed by tee aeronautical industry. The application of new technrologies,
microminiaturization, the fly by wire syaten. the use of strong light weight composite
materials and new powerful engines, led to the development of a new light weight
lighter (LWF) : a highly maneuverable aircraft, combining racid linear acceleration
with a high onset rate of centripetal radial acceleration (irý-). Pot th%- hist time in
aviation history, the pilot ha5 become ctv limitinq factor i:. thu man-machine c-ibtna-

-n the lst Wing, statiened at Oeauvechain AB, BE, the first F-16 was delivered
In early 1979 to replace the F-104 Stacfighter. On the first of january, 1981, we had
the first operational European F-I6 Squadron assigned to NATO Airforces, At present,
168 pilots have received a cornversion course at the Operational Coilversion Unit
Squadron 1OCU) with II percent of their m:ssions flown in a htgh 0 onvkronmn-ct.
Early in 1980, flight surgeons at the 1V FW had already noticed a very high incioence
of cervical injuries among fighter pilots, once they began operational flying in their
assigned air defence role. In an anonymous questionnaire, 22 out of 23 interrogated
pilots complained of cervicalcias, an unknown mt-micai problem in the fighter community
at that time. We recommended strongly that new flying helmets be purchased to reduce
the high-G load on the cervical spine.
We advited F-16 pilots to perefom a general muscle rtaining pogqram. with special
attention on the development of the neck muscles, and we pioposcd that the Belgian
Air Staf fund a kinesietherapeutic treatment facility cn the base for treating the
p1lot's neck injuries.

Although many HPA pilots over the world have suffered an acute int 11ht ncok
)njury, end Ilaght suigeonis were aware nt thc ptriiiai [problems, tinert was little
published meterial util recently. In 1985 a radiologist from the niuyad Netherlands AIr
Force reported the results o1 a radiological investigation of tie whole spine with
speclial interest on the cervical spine. For pilot training candidates, there was a
rejection rate of 20 percent for spItzal radiological disorders. Of )t) nualifind pilits
radiologically examined, 18 showed Cervical discopathiles with osLeofyti formation.
After deliharation. four rilots were rejected for F'-16 duties and two others received
a G-restriction limitation.

The ceuieal Service of the Belglan Air Force decided in 1984 tu lake cervical
spine X-rays of all current F-16 pilots. Although no qualified pilot was grounded for
radiological disorders, the BAF Medical Service, decided to repeat this examination
et five year intervals as follow-up study.

. . vs r. ÷ u;. t.
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Fi-LU AN rIS OF AN I NJIdiRi
Jot IERyI g a-ir dlerieni' interception minsions are, part icolarly at risk for

necck iijri3-,s. DfirIM: 1 ;r A Ir Comatl LT7r a 1atirg ( :01CCT) MIS S Ions, flI Ight. safeCty rentI-I
t,-ir: ''V r lee , cngger , ;eiwc a nrn- Cuflstant visual cant Dst of the olil ofleil.
aircraft. Par ticularly wheon in a defensi ve pos t ion. the pi lot must ro1tste his peuck to
cheek his six o'elcck position withI heavy lead onl his oiieer all t.

Ilie cei vical 2Spine, comrreared to the do rnolIumI,ilI sp'ine, It, IOr rose ,iobjIle, but
tois nligh degriee ci nobili1ty is peCnalienýd by its greater fragtility. Thke ana'tomrical
Struacture ci the Cervical spiacý allows, a person to make complex and large movemenits

w~t iished hlxin.extension, lateoral flcxioii, rotation and a1 coo-bixetien ci
rrinescl Special ised .- tic:ulat ions between the neck voirtebras r~ertit1 Liii.; Complex
mrobi ,ttyiwith n.,nimnalcrnuscular ac t I ̀Ity 'i I rrt r-n Ie AieamrneIsr anteor ior , poster iort

eon t inrxrIpisus unde r normal ceondttioIs iriir encevssrve motni Iit y ofI thle verte~bras.
H 0,. er , I i tnItese c sucýor tx are damanged, larger di opt acemeer oft tie nor toot ,!: hcoincs
pesCiee antir can, allo daac to the sp~inal neLrve rots

.he ieced musclIes ro-1. a k indi of ac t ive LttIglo I of thle head ,nd thei ce %1rialI
cýmm1 .1 i tnec the centeLio of gr3v it y oh thfe lu-au In sI tuat ed baoe I to .he oitlIant o-occaopI t.1 I
a rt IcIa t Ion , t he bred has a e atIeI)ral teockocy to fallI f orward6 wei Ch r.unt h~e cour',et rd
by a coirs t at Coniti acto LIalOf t.he at I rong a.nt I -rarav i ty neck en t ensors . Cii th no ther sand,'
Inh, neck tenrýor s eusc ls a re swll Ireid week . A pi1lola esprec t ing 1)igoh C loi c6. cain
coetre~ct his neck condos and stobtitee7 his seed in a steady pos t ion. It , on tie0
eceirne -, y. hc rij let ixi caught by a sur pris i nng h igch G load and his, hood is nor Stahi-
licee, the hoed sill cove ve-ry rapidly It, the ooste rlireetion of tne upplied aýccele-
ration - In trinse ci rcxmot~ances, the nec 'k mono iris cannticl react in .. time~ly mnanre: to
stol the large diý:rnlecamestt Ot thec head. -urthee they lack se~limicoet stire-pgt to
return the heavy veeigit Of tlhe 0 l ead-d hon~d to a stahlu iposit ion. -uei displ acement of
the head2 will only hec, halted by thec aertomricil strucrures of ) qlgaeiivn or vertebras.
5nob a ch'air of events; cao typically leanJ to a mue;culam P'ongatilon, wich can trigoe-r a
pan-tepasm relicn leCmKlno to a Ltoticol hr a tinamea~t teaIr or in the orost cases (nuni

luainintervertebr,il disk daminoes, conpiesoten fractuire or tool celrvicel vertebras,
end neosoibly cot'prcsoxon of the nerLve roots JIroc the cleans ccr-vicob~raici.jlms.

It is ouite nomuomsl that ike tacigoit of a heavy Plying; helmet of about 2 kg, til!
Cois iour adl Y in"creaSe thle toad onl tie :crvical spinue Y et another deleterious effect
ci t.he Older fl yinq helmetLs is the synerget in combirnat ion of the double isrand the-
oxsyacn mask fIiI-itrcg p-Iacces~it , wn ich shif 7t. for ward I:tic cente ar of g ra vi1ty o f t he- head
inore~ioieo tee load for the neck extensor muscle~s.

Iln 1995'i, tIce aut4,ho rs Iu nc t ion ing a s IlnhI.e s;urgreons3 a t tPc 1' hitkier :."neq becd
leery fee Medical cons 'ultations with pilots suffering witir neck probleos, although it
t~ao known that these conplnitsr: core very commoni in 110. linhn wec saiw a piilot with
neck -roilercmi-, rt was tyint en ly a trai 0cc at teec OCU -tuhoero.i iincirgei rem tr-ainxi no ini
;tceic Figt rnttýcscering hti'tll or a youtn! sruirn ilct c-tk limited 1-l16 sii
cnperienco. Flying in the liack-seats F-16 Fi P-othlsJ during I~L:i missions, we

en ec r-iedocree yes tile heavy load or the necci mruse Is and guest i snec why -e maw
relatacely few rnilors aitli neck injuries. T!he anissr to thin nuestion COoIC be teen-
laid :the pioiaiev sass t as irioxil .cant as Ii years a30, or the IHots, afraid to see
aý fliiahl suriieon heir hoar of beino giounrded. r-referred to Seekt medical stienticil
for teer; seek riroblens3 wi th aý civl a )rn :,AhysrcC;o. inLoimal talks wiart the pr ott,
conrlirxnCo meC Continuing existence of neck pa~r durimo H~r cemtiat maneuveringý. It, these
dis5cusmioirs, necst. pilots attributed this! prob~lemý to topici ro2avy. hufly, and uncomfort-
able0 flyin hosem

iilets oi tnu a' Fi-intir %ino were, srreezied her ttýe prncIcnce of cervical
A Iair In 1014, 'utilixingj an aeconyoxois rosetionnlsirc derincg their annual rcedical chcck-

Ul at,1 t Cenietter of01 opc Sdcn ic tee resultsvofctha!t s;ýurvey wor-e Orixvr
.xalysed , I n 1118b f th 1,cAF Director of tie Ai:romd col SeCrvIces. t, ted til medi cal1
-rtachonent Of the In F.W. to repeat the seine 1984 icivest~ratron nlcopteaorni
an;-lynisrlo both data sets. a~ opeeafra
These owosGtionnaites have, been aiowered by 3l0 pilots of the lo Fighter Iifng, chosenr at
r~rd!on. All resionden Is core operational ri lots fromn the two ogead~roos or inostructor
pilots at the CLsr'uadron.gecemxse theore is a relatively nigh turn:-Oovr of pilots io)
thie Wl r og tnle 1 984 sample group. rea5 not i meac~l to the 19V1 group. However, tl~ey weree
similar in, thre nest Important cay, n~l did the sane job eIir defence missions.

: i the iirst part of this questionnaire we ourvoeod intiroduetory teýrancutorn. such
as age ej ir"eib and total F'-16 flying) hours. iater sections searc:hed for cauxel
hci ctry an.i irtOxenc:y of riuce n-jur aes. ku alsýo t r ici to detreii rio the differentý
tkeiayFestic t ossihilitmcs chosen by the pilots as we~ll as the persintence and
treiese-icy of oecureysce of theuir neck cocplalints.ir-,e also investigat~ed the existence oh
a phlysiclr. training program. and pl-rcfeid sports actisitires. The. comfort level of the
piosoet flying helmet e&nd file fiosition of the Iilbm dJuring high 4ada maneuvers were

A. Cecrtriforration.
'lie thi~rty respondent pilots from thip I' Ft: aveingeud 450 total F-Il hours in

19l84 and 735 hoars in 19R8. In a normal flying day, they flew one Viassien with a
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duration of ap~roxiianviely one "our. Etinrcice tasking increased the operatlonal sor-
tie level to 2 per day, and OCU IPs occasionally flew 3 missions per day, In 1984 the
pilots reported reaching an average high +G. peak level of + 7 Gz, five times during
a mission with 2 periods of high sustained Cz for mutoe tasi. 15 seconds. In the 1988
survey, the auuz.,y h1igh i Gz peak level decreased to + 6.4 Gz, but with 6 occurrences
during a mission and more than 3 periods of high sustained 4 GZ.

-he average age from the sample of 1984 was 30.5 years with a mnmmum of 22 and
a mcaisum of 4ý years. In 1909 the average age was 32 years with a minimum of 22 and
a tiasaufim of 44 years. $ubdivadmn the samplogroup into 3 age subgroups, we have in
1914 13 pilots in the grrt'p 20 - 29 years, 11 between 30 and 35, and 6 pilots more
then 35 yearn old. In 1988 12 pi-sts fell in thu first group, 9 in the second group,
and 9 in the third group. The yearly tlyinmr time was very low in 1984, averaging 125
hours for a squadron pilot to 150 hours for an OCE' IP. In 1988 the squadron pilots
averaged 170 hours while fhie OCC Ps 1 leoi more than 250 h-urs a year.

2. First incidence of neck pain,
In 19i4 [I ou•r•of30 ilot-s re-ported cervicalgias incndenis since beginning fliy-r tne
F-16 i2. the I FW. In six .cases the fLrit incident had a sudden onset and 2 pilots
noticed anl irradiation of the pain. Two ether pilots described the pain as inc-apacita-
ting and stated that they were forced to abort their missions, feeling that the pain
joopardized fligrh safety. 'T'hrec othoe pilots reported continuing their mission, but
wlih a limLtatLon in aircraft maneuvering, while 7 others flew the scheduled nission
with only minor (istraction trom their neck pain. The pain persisted in most cases from
2 to 4 days but only 50 percent of the pilots sought medical attention, These pilots
were grounded for aln average of 4 d.iys with a treatment consisting of rest. k-nesle-
therapy and occasionally a myorelaxnnt and/or an anti-inflammatory drug prescription.
'Ihc aver.ge age of the ',lors with cervicalgis was 31.5 years: the average age of those
without neck pain was 29.7 years. Statisticai caiC,' tLUu, i3- this rmall sample group
and between the age subgroups showed this to be of no statistical significance.

In 198L, 16 pilots reported having neck problems in flight. One
pilot suffered his first incident performing as a student pilot his iritial
training. 

T
he 15 ethers reported their first neck injury flying the r-16. As in 1984

dO percent of the cases involved, noticed a sudden onset of the pain, however there
were no reports o1 an irradiation of the pain. 3he injury pereistance was about the
same as in 1914. h'wc pilots also reported that the irtensity of the pain was so
incap6citatling that they had to abort their mission. Only 56 percent consulted the
flight surgeon and thes;e were treated in a similar manner to 1984. Statistical analysis
of the pal group and the non injury group average ages 133 and 31 respcctively)
revealed iio .itstisical siCnificance.

3. fubscuoent inluries
About 50 lercent of the pilots surveyed in 1984 and 1986 complained of insuries in
flight every monthi. 20 percent reportcd weekly injuries and I pilot complained of
oncountering neck problems each flight. These cervscalrgias were generally associated
with a 7 G loading and not only interfered with the pilot's concentration durlrg his
mission but also with his off duty life as well. Here also, preferred medicet treat-
ment was physiotherapy although some pilots admitted seekin" manual therapy.
'ihe intonsity of the pain was in most cases not as severe as the first injury, and
the Odin usual)y exc'eeed after a night's rest.

,. ou1_position durin ghi GZ manecuvering.
VitLi few exceptions, the majority of the pilots reported never using the headrest of
the ACtS IT ejection seat during combat maneusrri;.g. As a technique to protect their
neck. s•om l pot.sa ioned tiiei l;cads lust prior to a high - 6 turn and changed
tile toio .• tneir head only aftei unloading the aircraft. Other pilots supported
their head with the icft hand, the left arm pinned with the elbow on the left "towel
rack". Others• o egc their head during high C maneuverb in the space between tie
canopy aid the edge of the headrest of the ajection seat, facilitating the pilot's
chck oa his six o'clock position. Another technique consisted of leaning a bit
forward and starting to turn the tonso from the waist. This increased the six O'clock
coverage as well, and was sometimes aided by pulling with the left hand on the right
"towel rack".

In 1988, a substantial number of our pilots still wor" the flying helme 1 HGU1/2 AlP, a
custom fitted WIGl/i26P. The total weight of the helmet, oxygen mask and double visor
asseably included, is between 2 kg and 2.2 kg varying directly with the helmet size.
In both questiocinslres, this flying helmet wan generally condemned by the pilots.
hi sidcs the heavy ueight, the upwards vision is restricted under heavy G load due to
the helmet's tendency to sllp forward. This particular flying helmet has been recoc-
ri/cd as a serious defiency for a decade by pilots i- the ° E;;, A new light iteight
helmet 1. scheduled t- be- -dcli;.ced during the first half of 1969.

G. FTlots andLf.@icl .fitness.
To the 19,34's survey only 2i out of 30 pilots reported iegular participation in sports
actLvitiUs. t'avourite sports were tennis, swimming, walking, )ogging and squash and to

ITI
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a lesser degree cycling, soccer. powcrtra;ntng and vollcy-ball. In 198e only 50 percent
of our pilots had a regular sports program. Pait of thia decrease can Le explained by
an increase in the above 35 age group comoared to 1984 (9 versus 3), but even in the
younger group between Z2 and 29: 4 out of the 12 surveyed orlots reported having no
regular physical Caod6tr.±La'] htiUrL,'. T .rticipatron in a scoersined Sn.crts activity
has not been mandatory. ilowever . each squadron has its oun CO sports instructor avail-
able, who can advice and as-sist the pilots during sports activities.

D] SCOUSSI•CIN
Neck rnal'y, in this porticular aample group 01 fighter pilots in an F-19 alr

deteice Wiig, has been a very common occerrence. 50 percent of sampled pr.lots reoorted
neck pain In flight acd /0 percent from these pilots eccounruErd this proicler or a
rcgolar basis. Within this sampls of 30 pllort we could not find a statistically
Sr rjnig ican' pu~ aice corrl at ion between thle agi of the pilots and the appearance id
sck problems, a frnoing Lacked by the personal obUsrvat:ons ci the flight surgeons,

1e tajonir~y of the pl~oss treated for ni-ck rnjou-es have been young trainees in

ntb OCU 600 ladrne, i.e- pilots irith a 3iaritd expeoiencr in ACM. Older pilots with
-iTore experience in ACM-eying have developed a higher siitua'onal awareness that altows
them to predict, and counter, their opponents maneuvering. bee earler reactions
canl often be do-ic at lower G loading tha:n a maieuver inttiated at a later time during
the fight sequence. Furtler by trial and error. 'mrst of the expeiiencd pilots have
developed a protectIve techniique for their neck rircng a dog fight.

ow'ever, in a fight between two equally skilled F-16 pilots, the fight will generally
be won By the pilot with the best h;IysiCal conditioning: the one bhst able to sustain,
the high C loading without G-loc and wirt strong developed neck nuicles necessary to
keep his target in sight during hIgn C naneuvering. The data analycin also revealed
that cerisalcras in a 1IPA, the fIAF F-16, afler tee years experience rn an air defence
role, are not as frequcnt as in the early years. 'lhis is due to many factors and we
c,.ould -caution the pilot population that weanil[i a light f yrng helmet is ,ot a pnacec,
AlthoO;h it signiLicantly rtiucei the load factor for the cervieal spine, it wll] not
alaoe ':erce curity Iroi serious neck llrU1-lrcs. A consa-:cntlously followed neck
c-xarcning s pograsm . the nest guarantee for avoldrer serious neck injuries ic IPA and
coking such -i procram nanda-.., -:mold undobtoe6 ai•eliuorte this situation.

ur't> Fneucal eaphasis, is the ,r-k oi e nimngl reported care 0o serious struc-
trual innury to the sp-irnl column. In ten y 5s oi F-lu F l!6 , invnlveng almost
55. COC (lying: hours-, only t% ru cases f s c e:lous rrufciil i-'iqrameiLtar•- neck injuties w:ere
encotei-ed ithat needed more uham 4 weeks to recover. Our fight eoliar, has boon
smaled the injurres, like herniated nucleus eulpzoos or cervical comtprosaon tractuires,
diannoseC in other countrle fiyir:•,, PIA like the" F-16.

Nock irnurines mould apucar to be a real oscucational hazard for rrjl-ters pr i ots
Ii-- -' C- IA. L ncj ieso1 ccmnrehenrev situdics, asses]sing t.1e Ponsible cumulative effects

or reretirrve high C loads oni the cervical smirn- daring i careenr o,. 10 ui 20 yearn in
tee F-I are in order. l1owards that end, the tAP Hodical Service started in 1984 takino
ccrvlcl srpine X-rays of all pilot candidates,. ire aim is to repeat these X-rayn every
5 yeoar and coempare the roeults of F-I6 pilois writh i. control group of pilots nect
f.lynoj t.e F-16. 7.he target onrvey study will ha C-tenrieii in the lutirr to tIre tactical

t-] |n- . 61tho-aqh, hairng a primary air to ground role, they perform ir to ait
missions on limited basin.

A futun cvelor rirlt -t-arnrntin-j concern, is the ernotoseni rite of the: hoemet mollrti
crioleIy c.hose adil.tsn ]cight could offslt any olust recumve¢d By the light vopnt
helmet: cr entaly being ouronsued --. Litriort propec attontion from the A, rospace lod lccl
commer:ty, Dri -ianderbeek's statement, foreseeing the cezvlcal spine as the high G"•cklink" of. the human system could tzell become reality.
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DISCUSSION PERIOD I

Van den Biggelar, Netherlands

I have a question !or Dr Vanderbeek about his'interesting presentation. tlis figutes are
made up from three sections: the F5 population, the F15 and the F1. Did vou include the pilots
flying in the high G aggressor role in your F5 population? That is the [51E I believe.

Major Vandcrbeek, USA

Yes, the operational F5 wing was the aggressor squadron.

Dr Von Gierke, USA

What pe.rcentage of your pilot, can relaie their injury to a very specific esent or (
manoeuvre, and what percentage had it only after long exposure to the flying environment?

Major Vandcrbeck. USA

I did not ask them to relate theiy injury to a specific in flight occurrence so I cannot ansver
that. If you ask them hat manoeuvres or neck positioning results in injury they would almost ill
say either checking 6 o'clock (or 4 or 5 o'clock) or moving their head under high G loading. Most
pilots will have a specific head mosement that they will not do ever again because they know that
spot will cause a reinjury similar to one in the past.

Col Hickman, USA

I had one or two questions I would like to ask all three of the last participants,. I was struck
by the fact that after an acute injury almost everyone continued to fly, both in that engagement
and with multiple following engagements. In addition they subsequentlyflew other missions. IloA
many of you are aware, as operational flight surgeons, how often an airerew member decides to
knock it off dluring the mission and stop flying? It must be extremely rare.

Answer
Yes it i, very rare. I have only known of oane individual pilot who called 'knock it off' at the

time of his injury. most will defer that information util they get downj on the ground or a few days
later when they may relate it to their flight 'mates'.

Answer
We have a love/hate rc!ationship in the flight surgeons office and I think a lot depends oar

the confidence level the pilots have in the flight surgeon. I think another important component is
the importance of accomplishing the mission and filling the training slots. The weather is not a
big factor in Arizona hut the curriculum is run :t a hi•h np'ce so: the instru ctors "a-i i
ahort a mis.ion because their neck is is injured. I he w.rl niot COrle arid tell )ou unless 'iou are
hanging down at the squadron, and you notice the guys are walking around and nmoving the&r necks
and shoulders as a unit. Ther. you approach themn, hut that is generally your only clue.

Van den Biggelaar, Netherlands

Way back in 1982/3 the FlO Medical Working Group was founded by colleagues in the
NA'1 0nations. flyinf the F16. Neck problems were discussed in this group man> linte. andwc e
even challenged in oficial papers. As I recall it in one paper in 1985 the pilot population was not
prepared to discuss neck problem.; at all; they would much rather not go to the flight surgeon in
otder riot to be washed out from flying. But there was a problem, right fromt the beginning

Capta~n Brooks. Canada
I am curious to know if you did a control study and took a look at a matched group of, say.

groundcrew to see if sports or anything else was possibly making this a bigger problem?

Arswer

No I did not.

ii€
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Col Aslceht. iAl

('(11 Sefala Iou wetc xrhov, ing soninc trf soutrF slides Of tile 115 shltrritrg tit ai they have grips It)
slabihlse tile position ot the print. tin tilre uitller hand thes mingt uiiileild into the wrortg pOsitiOn. In
earlier aireraft. tile 1:4 fur insitanc.e, the pilot had a better posiLtion wlhen Ire flies and turns and
pulls G. I kntrow tie J urnset rate is trot as high. but haitve you esccr discussed the opetlatiotlal
requa irelnent velrsuis the tmedical requirementt to latse a prIope- pl•uslon and not using these grills to
ptsition )ytutset infitle wrong place wit tr you ale pt gh igh 6

Col Schall. USA"To speciticalh, answer your qrrct'ion. No we have not discrussed proirer ptsittotnrrg in tic
crockpit. Most of the plio!s learr this on their own while thes go thritgh wlat rwe call R'I U
training. which is the training, they get in tie particular aircraft or weirpmoirs bsystcn tfrev are beirrg
trained in. Itt the examtples% irat I showed, n0ot all Pilots use tire trandde. Mas.v pilot% w-ilt po,,trron
thirer hand onto the plexrgla.s of tire cartorpt anrd rise tthat tl brace tllrenrishes to look out. Sot ii rt
rappen, to Ire converietirt itc t•ie itie hard hold' they will iturt tir1 evcrr'nne does trhar.

Varr den Biiggelaar, Netherlards

Tlie pronblerr with (he pilot rs that lie does not really care aiout his neck. lie cares ahout his
crt)ntr. lie wants to see his Cfcrrrly betore hie shoons hirn. In other types of aircraft to the I Il you
dor't reail) need to brace yorrselt-

AnswAer
I might just arId that ir is becromintg inr-e popirlar tot acqrtre tile target. iturn yout head back

altd forward, apply, the C) as desired, releae the (, turn .orur head back arird reacqrire tile target.
lets i, becorting more accepted as a preveriti•ve tcasu re.

Dr Von Gierke. USA

I would like rn ask an un:fair question to all three speakers atnd perhalps to W ('Cdr Anion.
flare any of these neck injrries bieen impnicated in accidents. and as we heard at other AGARI)
meetings. checking ti hais been implicated with respect to 6-LOC. One is not quite sure if it adds

tin it or not. brt I guess some people suspected it. Now could it fbe thrat smrrne had sonrie acute
cervical traunma that led to an accident.

Speaker.
None that I anr aware of.

Speaker.
I am not aw:are of any specific engagenrent in which cervical spire trarrnra ias been listed v%

a primarmy cause of an accident. However in the tirsi case that I presented iad that pilot been
flying by1 himself he would have been destroyed and we probabl) never woutld have krinouw tire
cause oh his accident.

Wg (Cdr Antort, UK

I ant not aware ot a's cases that have lea, to an accident eltht-r. But I think it is of note that
the thee cases we have had in the Royal Air Force where pjcple who have hand in-flight neck
fractures, have always been tire non flying pilot who has been caught unawares The circumrstances
of the flight are sucrh that you wouldn't expect it tiecessarily tr lead to an accrdent.

Col Hickman, USA

It is clear that the problem ist cry under reported and therefore not % ery well treated. B1ut
suppose, that with a major educational effort a higher percentage of thses injuries were reported 'o
yo .. No I What is your threshold for removing someone front the cockprt for a perrodof time.
Supmose that wc had better reporting, how- often would you say we would need to remove someone.
If afi of the major iniuries needed to be grot,\ted for a while, which would be about 9% in three
rt.rm .. , . ._ =•o . ..... . .i.. - .0 !c hi! we woLd be remnviro from the

cockpit maybe 20% of all the fighter pilots ever- three months for a period of time. No I What is
yeur threshold for remrioving people root the cockpit and No 2 how often do you think we would

ave todo it andwhat doyou think the opetational impactwould be.

:..+
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Speaker
I can only speak for myself. My criterion for rmnoving a pilot is based on rhis range at

mro,:ons and I have them demons:rate that to me at the office. Obviously this is not under G
loading. but one tr.quently gets a chance to fl) with thee people if there is any question about
'heir neck. At the base lwas stationed at v-e had quite a large rumber of two seat aircraft

ai.ailtble so scheduling a two scat aircraft to do this was not a profblent. although I did riot have to

do that. ' think the approach to education is a two prong approach. Firstly yCo need to educate
the airerev and secondly you need to educate the flight surgeons til it are a .king care of them. I
Ithink that most of rite flight surgeons I came into coitact with, did not have an appreciation fn the
loaditg the ceivica! spine can tolerate in various positionis and sus-ain injury. This certainl],
"generates other areas of controver, is 'a the role of cervical spine screening and ae as iligh't
sargeon: try to lie ativocate, for the pilots and I tr• to treat ver carefull) we don't netcearily
want to subject a lot of pilots to itnynlagrams and other types of studies that are invasive; a;d Ui
we want to be an advocate for theni. if they have an injury we want to protect theti.

Streaker

I haven't thought about that question a lot as tar as a specific threshold is concerned I
think i: would ha'e to be developed indlvidlually with each pilot, based on his functional
capahiliyy and I have uot really thought about how I would determine whether or not it was sate to
fly or not. Once he demonstrated aunCtionan capahilit, I v-rotid prohably recironmmend it non-
demanding sortie fu; a couple of rides to nal.ke sure that fhe asse.snient was in fact realistic.

of Hickman. USA

Yes I think that is really imilportant it a-c are going io say that ise have an epidenmic it ought
to be based on ti ting, we would ground people I or.

W,, Udr Anton. UK

I think Dr Illcknar', n tont is an interesting one. Ore of the things we see %aith our aircrtcw
flying hawls, ver- few at noi will , go anywliere near the doctor with neck iojur,. is that the,
reschedule their program ainongst themnselves, and so if an instructor has, got a relatively painfuli
neck that seriously limits ,is tling his colleague will shift into his vsil for it daurs or tw.i tnd he will
Fo and do another job in the squatdron. What we don't know. intd what is I thiuk perlhup- the really
interesting question, is it von take an exercise and fly people in canohat sorties woa afte; day, hlow
oawn. people ate going toube generated by day 2 or 3" I think that is the question that still remnatns
to be ansered.

Speaker.

I would like to commeint haling just tlow-t in these kind of exercises and taken care of an
1-15 crew. deployed in that type of environment. My personal observation is that it ".as not a
probflem alithough the) generated quite a few sorticts a'day for each ol the diferent (la. of tear.
lin various types ot ens ronmeni hbol r airtlir and air to ground it did not seem to he a prouicin.

rSpeaker.

I siould just like to add 'a that that at nty hase we took two week, arid flew, nothing hut clean
I I i's and flew pure air to air BFM rranoeuvres. After the first 3-4 days there were several pilo.t'
"who were glad that their 4 day experience had ended so they could rest lor the weekend to prepare
Ohci necks lor the second week of the exercise. What the impact would be in a rea! combat I'n not
sure, but it is ;romewhat cumulative 0scr time for repetitive close in flights.

Professor Snijdzrs, Netherlands

I have a quesiion for Dr Ihiesenrans, it cncerns his statement -hben he emphaised the
itmportance of exercis- fitness. In general I agree that fitness would be a good protection against
this sort of complainti. In the case of the neck load w e must rzalise that beside the influence o;f
.ravity anid high G load, muscle forces are added on to bony structure and sof; tissue, so Iby

............................ g:. . F........r-- .- ',L aria uteiC d viiV LOuae ih car shift tite problems at niusele
fatigue and niasele sorennss arid it shifts to overloading the soft tissues arid bony stuctures. Do

myou have any epidemiolosical for evidence that. What is your comment on that.

Dr Biesetnans, Belgium

No we don't have all epidemiologic ,tudy. We were astonished to learn that so few of oue
pilots were doing a physical fitness program.

I
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Dr Landolt, Canada

While Col Schall and Majo- Vanderbeek are there I would like to ask a quesion, about the
age lactor. Varnderbeek found it to be dependant but Col Biuseman found that there was no
factor. Do you have any comments.

Dr Biesemai, Belgium

Yes but we have only a very small group of course. But in the sample we surveyed we could
lind no significance.

Major Vanderbeek, USA

Well iprhaps ii just is that I had a much leager samnple and it was only noted in the major
injury category. I1 was not demonstrated in the mimnor injury c(.tcgory or itn the overall summation
of any injury vc! sis no injury. It's a fairly soft finding. I'm not ;urt..
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INTRODUCTION
Neck injury with associated pain in the cervical spine and its supporting Structures
of ligaments and mscles are frequent complaints a!Tong aviators flying high perf,;rmeoice
fighter (RPF) air craft. Two recent surveys conducted amoag air crew of the United
States Air Force (USAF) and the United States Navy (USN), respectively, report
incidences of neck pain incurred during flight of approximately 50 and 75 per cent in
these two HPF pilot populations (Knidson et al 1988, Vanderbeek 19681.
Muscular pain, ruptured ligaments, sliding vertebrae and compression Iractures have
been described resulting from violent maneoavering during TIPF air combat exercises
(Andersen 1983). The cervical spinal column carries a heavy load during high-C,
accelerations supporting the head and various pieces of personal flying "quipment.
This top-heaviness is expected to increase further with night vision goggles aiid
integrated wsiapon systems control devices alddi in an attempt to extend operable
conditions. Moreover, since the aeromedical emphasis has been nn developments
supporting cardio-vascular and respiratory functitons, the neck and the delicate
stru,:tures of vessels and nerves running with it are becoming increasingly vulnerable
to damage. Literary speaking, the neck has become pinched between the desirc to Ad
weight to the head fot purposes other than protection, and, the support to cardio-
vascular and respiratory organ systems which allows additional intensity and time
spe•nt during excursions into the high-G onviroment.
For these reasons, and because the vertebral column is relatively inaccessible to
clinical examination, the medical selection procedures for military flying training
with the Royal Norwegian Air Force (RNoAFi were extended somFe years ago to include
a series of roentgen films of the vertebral column with empnasis on the cervicalspine.
Our main findings and their consequences for admission to militlry flying training
are presented in this paper.

MATERIAL AND METHODS
During the past 4 years radiological examinations have been carried out on 232 appO•i-
cants, 221 males and 11 females 19-24 years old. The radiological examination
consists of 9 films:
The cervical spine frontal and lateral view with left and right obliqucs added, the
cervico-thoracic area in oblique projection, and, the thoracic and the lumbar spine
viewed frontally and laterally. If indicated, functional films with flexion and
extension of the cervical column were made. Likewise, "scotty-dog" projections
would be indicated if apondylelysis with or without olisthesis were suspected.
The cervical films and that of the cervico-thorracic -rea are made standing up, those
of the thoranic and lumbar spine are taken in the supine position.
The medical personnel involvr i has been limited to 3 specialists in radiologic.]
diagnostic orocedures, and 4 technicians all of whom received additional training in
order to ensure good quality, standardized filsr.
One major concern introducing the programme outlined has been to reduce radiation as
much as possible by limiting the population exposed. For this reason the radiological
examination comes at the end of the medical selection procedure.
The applicants hpve, thus, passed psy.ilogiaci testing, ahisission interview:, and
physical examination, bo-foa meeting the Air Force Board of Medical Selection for
military flying training. Presently, only those who meeL the criteria for flying !'PV
aircraft are admitted. Conseqametly. fewer than 10% of the applicants go on to
radiological examination. Therefore, it is reasonable to expect that the selection
procedure - as a biproduct - provides a basis for determining the normal distribution
of radiological diagnoses of the spine in the asymptcmatic, healthy population of
young adults in the country.

RESULTS
Analyses of the films revealed 527 aberrations, 76 anomalaes 0r), 81 degenerative
changes (a) and 370 aberrations of posture (C), 2.27 diagnoses per x-rayed spine, ox'
the average.
The distribution of positive findingn among the three major subdivisions of the
vertebral column shows 141 conditions referred to tire cervical spine, 173 located
in tLe thoracic column with the remaining 213 deviations appearing on the lumbar films.
It appears that anomalies (A) are rrre in the cervical column and to some extent also
in the thoracic spine, but they are rather frequently seen in lumbar vertebrae.
Degenerative changes (B) occur in rho thoraci ,..r te r tebrai column with a
frequency almost twice that observed in any of the other sobdivisions of t5e spine.
Slight to moderate postural changes (C) are evcnly distributed among the thfee main
parts of the vertebral column.
The roentgen changes described have been suormarized in Table I.
Among significant anomalies it appears that ransitional vertebrae aic relatively
coarnon and equally distributed bhtweon the thoracico-lumbal (9.0%) and the lumbo-
sacral area (8.6%). Postural aberrants were frequently obsesved as well, with slight
seolioses arid straightening of curvatures affecting a much larger number of the
candidates than h-perkyfosis and -lordonis. Degenerative changes of th" thorscic
spine are largely due to juvenile Myfosis or Mb. Schieuermann in these young ýdultn
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with trapIzoid vertebrae, reduced disk height and a rugged appearance of the

horizontal outline of corpoia, all of these changes affecting at least three
adjacent vertebrae in order to satisfy the criteria for diagnosis. Moreover, micro-
herniation of the nucleus putposus (Schmorl's nodes) is frequent in the thoracic and
the lumbar spinc.

{educed disc height affected almost 18% of the candidares. Snondylolisthcsos with or
without olisthesis was seen in 12 individuals corresponding to 5.2% of the applicants.
rhe total of numbers tabulated deviates somewhat from those given in Fig 1, the reason
being differences between radiological interpretation of vIsual images relative to
their significance for the selection procedure. Since the films were meticulously
scrutinized by radiologists well aware of the purpose for which the examination was
performed, any however slight, deviation from normal status described has been included
in Pig 1. But, if uncertainties of a finding was entertained, differences cf opinion
expressed as to minute details or if vague language such an "possible normal variants"
or "within normal limits" were used by the radiologists, the films have been regarded
as negative in this population of otherwise healthy, asymptomatic young men and women,
Therefore, Table I and Fig 1 may be looked upon as complimentary by giving the minimax
limits of significance of the roentgen changes.
Using this line of argument, it turns oat that the film series r.ade from 76 of the
candidates would be regarded as negative. Among the 156 others the Medical Selection
Board accepted 131 and excluded 25 from military flying training. Twenty ware
rejected due to roentgen diagnoses alone, the remaining 5 were excluded due to
multiple causes among which the radiological excamination was one important factor
(Fig 2).

DISCUSSION
Disorders of the vertebral column due to occupational wear usually do not become
manifest until middle age. However, frequent and extreme loading of the spine ovei
years as is the case in HPF flying, constitute a chronic strain which may accelerate
disease processes of the spine even to the extent of causing sudden incapacitation.
Unfortuneately, the correlation between symptoms and roentgen findings is not
definite in spinal disorders. This problem becomes acclitionally augmented when a
healthy population of asymptomatic individuals is studied in order to reveal
clinically significant roentgen changes or to predict future functional excellence.
Thus, the radiological evidence has to be interpretea with great caution. Observing
these limitations of the data so far collecred, certain guidelines may be useful for
the purpose of medical selection, keeping in mind that for the time being the prog-
nostic considerations are necessarily based on knowledge projected from the patient
community orto an apparently healthy population.
Because of its great flexibility, the cervical spine is predisposed to injury from
foiceful movements. Consequently, pathological changes in the cervical column are
looked upon as being particularly unfavourable. Therefore, a rather restrictive
policy has been pursued in order to avoid candidates with increased risk of incurring
a ceri"cal syndrome dec to flight in HPP aircraft.
Any anomalies or pathological changes from disease or injury which may contribute to
reducing the stability of the cervical spine further or cause a narrowing of the
intervertebral foramina or the spinal canal are considered disqualifying. Aberrant
curvatures, particularly those which might give rise to in'reased torque forces are

Tratisitiena1 Ve tLtbi ,e which account fuar us•t Of he aItujalio described ii, thI
material presented here are accepted although the lever arm of the affected subdivision
of the spine become increased. Additionally, the unilateral contact of asymmetrical
lumbar sacralization which increases torque forces with consequent strain on the spine
and risk of disc herniation above the anomaly is nevertheless acceptaule as solitary
phenomenon.
No candidate in this highly selected population had developed aberrations of posture
to the extent of being rejected for this reason, but, dcviating curvatures have
contributed to a negative conclusion at final evaluation.
A few candidates, cases of conspicuous roentgen changes, were rejected due to
"Scheuermann-changes".
Occupational health programmer have, no doubt, expanded the medical indications for
diagnostic procedures which at one time were exclusively reseavud for patients
suffering from illnes or at least presenting with symptoms suspective ol disease.
Aviation medicine, for example, is a large consumer of medical services in order to
predict and prevent disease among aircrew. Although it is obviously justifiable to
perform advanced diagnostic procedures in order to exclude applicants from undertaking
a task which mioht prove harmful. medical intervention may create a problem rather
than solve one if the predictive value of the tests precribed is low.
Therefore, a olose follow up of populations exposed to examinations is obviously
required.
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ROENTGEN CHANGES

Anomalies
Cervical fused vertebrae 2

Thoraco-lumbal transitional vertebrae 21
Lumbo-sacral transitional vertebrae 20
Extra vertebrae 8
Spina bifida 49

Total 101

Aberrations of posture
Scoliosis 95

Curvatures straightened out 89

Hyperkyfosis /-lordosis 35

Total 219

Degenerative ca~gngea
Spondylolysis /-olisthesis (5+7) 12
Seq Mb Scheuermann 36
Schmorl's nodes 34
Loss of disc height 41

Osteochondrosis 9
Trapezoid vertebrae 1e
Previous injury 10
Operated 2

Total 160

S•m TOTALS 480

- TABLE I -
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RADIOLOGICAL EXAMINATION
CONSEQUENCES

Applicants, total number 232

Negative films - "Normals" 76

Acceptable radiology 131

Excluded by radiology only 20

Excluded, radiology contributing 5

HTA - 89

- rig. 2 -
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DATA ANALYSIS IN CERVICAL TRAU'MA

AUTHORS!RNoAF LEIF A LEVIN, HARALD T ANDERSEN,
USAF (AAM•RL• LEON F KAZARIAN, PATRICK HAYES
OSLO EMERGENCY MEDICAL CENTER, HARALD U SVERERUP

Leif Levin MD, HQ Defence Command Norway

Joint Medical Service,

Oslo mil/Huseby, 0016 OSLO 1, NORWAY

Summary:
The curvature of the cervical spine in lateral view is

discussed and a method Les�, on dicital statistical analysis
is used to reproduce quantitative data of the curvature.
Part I is a study based on the lateral view in the neutral
position in 142 aviators. The radiograms are divided in 3
main group: 1) Normal cervical lordosis. 2)Marked straiyntening
of the cervical spine. 3)Segmental straiohteninQ with reversal
of the curve. Part 11 discusses the'use of the digital analysis.
to determine the displacement in subjects that have sustained
ligamentous injuries of the cervical spine following whiplash
injury.

L! The normal curvature of the cervical subdivision of the verieDral
column is a smooth lordosis.
After trauma changes of curvatures are frequently seen, and
straightening of the cervical spine is often assumed to be
attributed to muscular tension following trauma to tre neck.
This seems to be a very common finding, however, a normal curvature
usually returns as the symptoms subside. These quantitative measure-
ments of change of curvature correlate well with clinical symptoms.

We have made an attempt at using a method based on digital statistical
analysis in order to obtain reproducable quantitative data of the
curvature found in the normal group of subjects.

Our re lt•s• have been cbtai-d by applying the u1italiziyg method
to a material consisting of 142 aviators and a smalier group of
subjects with documented injuries to the cervical spine.

The digitalizeu statistical analysis of the base line data
has been perfcrmed at the Armstrong Aerospace Medical Research
Laboratory, Wright Patterson Air Force Base.

I ....-

7iJ

W

JiL I I I I I I I



Tie x-rays films that forms the basis for this study ha•,e been taken
and supplied by the lRadiology Department, Oslo Emergency Medical
Center, Oslo City Hospital-

The study is reported in two parts:

Part I: A study of changes in the curvature of lateral X-rays of
the cervical spine in neutral position is discussed.

Part II: The use of the digitalized method in patients that have
sustained ligamentous injuries with instability following whiplash
injuries is reported.

Method

The method involves accurately plotting the outline of each vertebrae
in the cervical spine and some bony prominencies, giving an outline
of the spine. At the same time it has been possible to arrive at
accurate measurements between bony structures.
Due to enlargement, in spite of standard distances, subsequent X-rays
will be comparable by using a correction coefficient so that
fine adjustments can be made by using stable bony structures as land
marks to allow for such changes.

The degree or depth of the cervical curvature is a function of the
curve produced by the cervical bodies in a lateral view in a neutral
position. Such measurements can be obtained by drawing a straight
line from the superior posterior aspects of the odontoid process to
the posterior inferior corner of the body of the seventh cervical
vertebrae.

The line tracing the posterior vertebral bodies will usually
produce a crescent shaped line corresponding to the curvature of
the vertebrae.

The longest perpendicular between these two lines which usually falls
in the vicinity of C4 will give a sreasurement of the depth of the
cervical spine.

In a spine with marked straightening the measurement will be close
to zero. In a normal curvature with retained lordosis this value
will be positive, in most studies a mean value of 11,8 milIimeiers.
In a spine with a reversal of the curvature a negative number has
been reported.

Part I

We have subjected the lateral cervical view in neutral position
to digitalized analysis of 142 aviators. All subjects were fighter
pilots with logged flying time from various fighter planes including
the F-104, F-5 and F-16. We have in this study lisced the findings
to tit into the three main groups defined above.

II
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We have no information of previous injury, and all aviators were fit
for flying. We have assumed that osteochondrosis and degenerative
changes are related to the age of the individual. Moreover,
we have assumed that the age of the individual is related to the length
of the flying time. As in most air forces some senior officers still
maintain flying status in the RNoAF.

We have divided radiograms into three main groups:

1J Normal cervical lordosis
2) Marked straightening of the cervical spine
3) Segmental straightening with reversal of the curve of the

cervical spine.

Out of the 142 aviators 63,3% had normal cervical lordosis.
26,8% showed straightening of the cervical spine, and 9,9% showed
segmental straightening with reversal of the curve.
The average age of for these three groups showed no significant
difference - 26,4 - 26,8 - 26,1 years as average.

Discussion

This is in accordance with other studies that supports the view
that the documented changes are within normal limits and that these
changes can not be used as a criterion suggesting pathological changes
in the cervical spine.

Part II

Flexion injuries are not uncommon in aviation medicine and has been
recorded in accelleration of high intensity from positive to
negative G. One of the authors of this presentation sustained sucP
an injury in the passenger seat of a F-16 during a sudden and
unexpected evasive manoeuvre.

In this second study we have examined individuals that have been
subjected to whiplash injuries. It is assumed that the mechanism of
the extrunsion/flexion movement ot the cervical spine in this injury
is well known.
However, in modern cars the headrests are fixed with an upper
border above the level of the external ear. This may to some
extent reduce the extension movement and perhaps increase the
momentum of the forward flexion of the neck at the time of injury.

It is expected that this trauma may produce injury to the posterior
ligament complex including the supraspinous and intraspinous ligament.
Rupture of the posterior part of the intraspinous disc with
haemorrohage may occur and predispose to later degenerative changes.

When such injuries are suspected a functional study of the cervical
spine should be made.

a) The most consistent finding is that the space between the
spinous processes at the level of injury is greater than the
interspinous distances above and belov the affected level.

".4
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b) A horisontal displacement of the adjacent vertebrae
in flexion.

C) Marked limitation of movement of segments of the cervical
spine is a finding suggesting injury.

Therefore, suggestion of segmental straightening of the cervical spine
with reversal of the curvatuce may be indicative of such a lesion
following injury, and a functional examination of the lateral view
of the cervical spine should be undertaken.

There is, however, an interesting detail that involves the point
of inflection between the two curves formed.

The point of inflection may conincide with the displacement of the
apophyscal joints and may be explained in the following manner.
Capsular ligaments of the apophyseal joints are dense fibrous
structures, providing stabilization and limit the horizontal dis-
placement of the adjacent vertebrae. Therefore, damage to the
capsules allows forward displacement of the crainal facet surfaces,
with loss of parallelism of the articular surfaces and widening of
the joint spaces posteriorly.

These changes are demonstrated using the same digitilized analysis
method, demonstrating a displacement as indicated above.

Discussion

The advantages of this method art accurate and objective mesasure-
ments of the displacement of the cervical spine.
Detailed objective measurements between subsequent X-rays studies
may be obtained by adjusting for slight degrees of eniargement by
compensating through fixed bony land marks.

What is perhaps even more important is the fact that these accurate
measurements may prove extremely valuable in producing objective
measurements of minute but gradual changes that occur in degenerativ
disorders of the spine. This will allow us to study consecutive
series of films over a longer tituespan and may provide us with an
accurate measurement of the development of ostechondrosis in the
cervical spine and how this may be affected by trauma or of change
that occur due to the forces that the cervical spine is subjected to,
for instance by high G forces.

Changes in the cervical spine may be recorded in relationship to
time so that we may be able to evaluate the rate of development
of ostechondrosts eit

- .. 7717
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SUMMARY

Thirty-one pilots who have been subjected to a repetitive +Gz environment were
evaluated clinically and roentgeoogrADhicaliy against age and sex-matched controls,
Analyses demonstrated significant deterioration in the young pilot groups compared to
controls in terms of neck range of motion, osteophytic spurring at C5/C6 and disc
space narrowing at CA/5 and C5/6. While the pilots remain relatively asymptomatic
during their flying career, they may be at greater risk for symptomatic cervical
disease later in life. The *Gz environment appears to play a role in an Sccelerated
rate of Cervical osteoarthritis in high performance pilots. This must be taken into
consideration when systems that w

4
ll Increase the longitudinal impact load on the neck

are being contemplated.

There is an increasing need to evaluate the progressive nature of

misculoskeletal disorders affecting the neck. In our practice, w, have seen 5, eral
retired pilots who have presented with symptomatiL cervical o5teoarthritis With no
history of specific neck trauma or, or off duty. This led us to wonder whether
repetitise eGz forces applied to the neck during many years of flying high performance
aircraft might result in a progressive cervical osteoarthritis.

This paper attenmpts to establish that progressive cervical osteoarthiitic

changes Occur In pilots exposed to a repetitive eGz environment as compared to an age
matched control population with or without clinical manifestations.

There is a reluctance in the Canadian Fnrces pilot community to see the flight
heimets increased in weight. They appear to feel that such a weight gain will
decrease the cotitort of the helmets and Ine, ease the problems with neck pain.

MATERIALS AND METHODS

Thirty one pilots were evaluated with an age range of 32 years (23 teats to 55
years) and a high performance flying experience ranging from 240 to 7T,200 hours.
Pilots from various age groups volunteered for the study arter being given assurance
that the medical data obtained would be used for statistical purposes only and would
not allow us tO identify an individual participant. Individual radiograottic and
clinical findings were discussed with Pilots at the conclusion of their pa-ticipation
in the stuoy.

Fifteen controls aho were age and sex matched were also evaluated. The
controls were also members or the military, hut did not fly aircraft. For purposes of
radiographic analysis the data was also compared to a larger age and sex matched
control available rrom the litcrature (i).

Clinical history and physical examination was carried out by one or the other
of the authors using a uniform checklist techniqoje requesting wherever possible a
yes/no response or normal/abnormal physical finding. Neck range of motion was graded
as 0 for nornal, -1 'or 25% decrease, -2 fo! 50% dPcraez-, -3 for 75% decrease and -4
for total lack of motion measured in each of six planes; flexion, extenslon, right and
left rotation and right and left lateral flexion. Both history and physical
components uf the clinical exam were scored out of a possible 50 points. Abnormal
fiodings resulted in a lower score that Is, a normal history ani physical exam would
result in a perfect scote. Abnormalities were scored by deducting points from the
total score. History of neck incidents were recorded as total number of incidents
during or within 48 hours of a flight. Non-flight related neck iircidents were also
recorded. Individual observations of the pilots with respect to neck incidents and
history were also recorded and will be summarized in narrative form.

ROENTGENOGRAPHIC ASSESSMENT

AP and lateral cervical vcla wrare- tt.n of a"l .articdnarS using a consistent
radiographic technique. The body of C7 was included In all films. X-ray films were
read separately by two radiologists who were blinded as t

0 
whether the X-ray films

were of pilots or controls. The X-ray films were then evaluated for the following
parameters; cervical curvature, paravertebral soft tissues, vertebral body height at
C3 to C7, osteophytiC spurring at C3 to C7 and disc space narrowing at C3/4, to r6/7.
Each Criterion was assigned a designation of normal, mild, moderate or severe with
abnormalities being awarded a graded negative score resulting in lower overall
scores. Each category was tahulated numerically. Total possible correct score was
50. Inter-relator reliability was evaluated between the radiologists Ani was found to
vary betwaeen 0 and 8%.
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itii square andl 4i Tcst" analysis dlid not diomonst ratc. airy sclgirlfiearit difference
bet ween, tic rapoinlogir eva lua torsý.

Si 3ti tlsica I . n lijat iun of ilrrol ed hInIstor y and phlys Ical1 results 1 as well as,
seltc t ed agi' suhorouripwr carriePM out usi1n tire Stuident's "I '1 est". Variance
analysis ,as also carrie'd out or Pooleld and selec

t
ied surbgroups if radloqralpnic

I nQ i,ýrs to re ist for sirgnlIc cant diffurnececs in Soft t issue or ilegeiner at le ctiong-i
betwieen control and pilot age sub~groups as wrIll as bet ween rillot an', saiigroups. Ther
ago ranges used -,r sutigro)uD analysIs wi'fe 2G-2Q years., 30-39 yoar s arid 4(1-55 ye~ars5.

RSF11. TS

the itotal numb-?r of hiaos per for mal-ce jet flyileg hLoir 5 was 83,235 wit I a mn31ii
fI yiny reperlence of 26(15 touirs 1 1923 hours (- ISO). AS mighnt he eYocit Cd therep was
an uinccease in the rtinber o' flying hours wliti aq.. I1alai 1). Thie mean aqeIs of the
1pilots vs controls show a gnood ma

t
rii in tue 3n-55 year sutiois Unfrtnatl no

efl~jhtu c ontrcol s warnc acoji r ed I n tlire ?0 -29 year subor non. (lair I e 2)1. roe Purposes "t
rrfferCtivE, evaluation our pilot date was comparedi with ace aid Si- mathe Oat a
Previously pub isherd (ll. Comonariino our control data with ttine ad' arid Six mna tched0

publ ished coot :01l dit a sniowd no sigonif icant di frinrence. Ttis si.ilesteo ithat 1the
Pilot dalta coluld! be effectively romp.1red against the purilisined con-trol dlatai.

latin' I : Pi lot flyingQ Pctographics

uige Group Number mean' flying 1our 5 wS 150.

7rT'2aV 6i30.6 4 489

3U-39 12 2329.2 '691

40551 4567.3 *t 725

31 2,685.0 w1923

laitil 2: Pilot /Co~rni (leengrachics

Pg- Srrbgr -)up Number Moan, Ape 1.0
(sears)(Years5)

720-29 Piýlot 8 2 5. 1 2.
Cont-rol 1 26. 0

30-39 Pilint 12 34. t 2. 5
Control 7 33.') 3,.r

6C-55 P IIo t I1 I6ý7. 5 7
Contr-,ol 5 65. 0 3. 0

All ages Pilot 31 36. 7 10.1U
Co nt ro 13 37.93 7.

con rIThe hs tcry datA tief n oi aoi anyv s iqoin csi uc a n 1 o u Za..
c oF C, s 1th e r a s rele o vIe i ata or i n v ar bous cungreol's. Inert wa, a ri~yr5

thtcomplaints of mcck and periscapular pain as ,,ell as symotirms oIF reck stiffneýSs
adcrepitas may hrive berm reported nore freguiue ily among riiots ý,scrsu controls bitt

this trenil was nut statistically significanot.

Thortr were virtually no volitnteered comfplaints nf sensory, mtretr c- sa-srilar
ctnangt's sugloestive of a radiculopatt~y. No history of posfteror cieculatirry symptoms
or gait or bladdevr :yn.ptbtS ~ugpestiv- of a syolopitiny were tfounrd in this popul at ion.

ive pilot s (16%)1,i, in- sampnle nave hod: an aircraft sishap) inoivling eithner a
furemod landi,;a or ejectionr. All hadic scamp incloert of neck discomnfort but it wan

sflf-liitlted in, all cases. A total of 22 (71%) of tine plilots rIatedi an evonericofe of
only symwitoi's ?ithet once ni many times lasting from hours to nronlths. io.,ever it, all
C~i,-.sr ewceept two, the symptoms were self-limi t iog. tsp mos t coiv~nro s i tratlot)s Irctdiong
to nelck parl' appear to Ire the following:

1 Air Comtnat Missions, (6CH). lI" this situatiron especially In oufenslvw
mstjeouLvre rSr-petitivr pullilng Of 4C in a 5.0 in B.5 G envelopeý Is carr;ie nui
oc r a poro tof uti-me. l.i, 15. suýpor.- either mi iin or

missng ~m eckin wiesisnlairaifleini diingthe -G turn i,. order
maintain v isualI cont ac~t. Most Pilo's are w',ilt aware- of a phicnieseio rerferredi
to as 1'617M trerk". 'this refePrs to nccv pain eveePrieocril dlir'l.j or- after an ACM
flight . An easicise cirooar~r of neck i an;' pf rrotilo and iwu3nctici nck
strengthening is carried. out to minier z these srmptyvs. Again In virtually

all1 ras-s the nocli syimptomrs at-" s,,lf-l Ibit m o.

2. "Passenger' Situations. This seems5 to cause the most sericrit; subjective
senuelam and was Coimmented of' bly pillots mil4 navigator. When an aircere is
riding asý p rasoenger there are situations wirer GC is pulied b~y the "delver"
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and not ar,ttftinated by the passenger. This has resulted in the passenger
sustaining a S ddun ionyrturinal Impact to 1he neck wi thout benefit Of muscular
tension providing protection. It takes the neuromuscular apparatus at least 75

milliseconds It prepare reflexively for an impulse load and absorb energy py
muscle lengthening. (2). The pilot knowing thut he iS going to irnitlate tie
minoeuvre has time for the protective response to take place.

3. Aircraft Mishaps. No+ unpredictably, ejections and forced I-indinqs forned
ttie next most common cause of neck symptopm. Of the Pilot sample there were
two cases of cervical radiculopalshy as demonstralco by EMG changes. etol: of
these cases wore in air crfw over the age of 50 years.

The physical examination component for the piost part also did not denonstratc

significant differences hetween the pilot Rnd control groups. Setisory examination to
ninprick, light touch WuW vibratiun (216 Hz) as well as detailed upper extremity motor
exam looking at muscle buik and static strength testi i fallen to demonstrate any
5ienificant difference. A positive Horner's test was net seen in any studay
Farticipants and Spurling's test was negative in' all cases eXcept for the two cases of
dccuJmented cervical radiculopathy. Upper extremity reflew assymmeery was seern in a
few pilots and cotntrols hut did not demonstrate significant oiffercnce as a possitle
diffrenteiatinp tool between pilot and control samples.

"7', only examination Process rOemhoStraling significant difference (p<.05) was
in neck range of motion. PilptS in the 30-39 age Prinup had significantly reduced
right aue left laleral neck flexion compared t1 control (two tail t test), This
sinnificance was carried throughl evaluation of all six planes of range of motion but
was made up primacily of tht lateral flexion comoonents. (Graph 1). lhe maximum neck

range of motion loss seen in our somepte group was 75%.

RO11,6 planes, by age group GRAPH I
651
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five parameters were evaluater ofn te AF and lateral crrvidal films. In this
study, no significant differonce was seen between corlttnls aiij pilots for vertebral

aody heights or paravertepral SOft tissuae. Both of these Paraneters were essentially
nornsul -" all part ICloan s. In terms Of loss of the noCrrin cervical lordosis there
was evidPncL of this ocuriorn in the pilots. However due to the lack of controls inr
the young age group we were utuable to carry out a cnrrclative anulysis between pilots
and controls. On interesting trend, althoioJ. not analynafle, s•as that loss of thec
normal cervical lnrdoisis seemed to occur pore frequently itr tioe yO.luuonr actively
flying pilot groups and that the cervical loudosis was closer to normal in the al itr
Pilot grnuo made up uredomirantly of pilots not currently flying.

The parameter of Pmteophytic spiirrjng did ShOw a number of interesting
findings. There was no significant difference between pilots and control rruups at C3
or C4 at C7. However at C5 arid C6 there were marked differences. Tne pilot group at
150-39 sholter significantly more ostccphytiC bpurring at botti levels than did either or

h),: control g[roujps bat.it, t test 2 tail). Of interest, although the bunct s4-ausagr,
orOUru shnwepr tnorxehxnagx e tO tth 3D-39 ,,,,f .t... C :jCv r C r d:
ttie pi lot and Control groups at the 40-55 age group was not nearly as marked (u.lI().
While there was an overall radioqraphir deterioration with age, the rate of
deter lorat Ion was more marked for the Pilot during the ;pjrpth decade arnd more markeo
for the controls cur Ing the fifth and sixth decades. Urraph 21



spurring at levels C5S6 by age group GRAPH 2
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Disc socce narrowing showed similar trends. There were no significant changes

notud at the C3/4, level in any of the subgreuos. At the C6/0 level, Some dsr spare

narrowIng was noted with increased agr but there was rin significant difference between
ilcrs and controls at any of the age subgrouPS. At the (4/5 and r5'6 lovel there was

a strong significant difference between pilots and controls all age groups (ri40l)
" ti te ougr ag g ftulroups s2demonstratinq mere risc space narrowing among the pilots versus control groups. Thes tudy deýmonstr7a ted sig rificant oiffePrernces especially in the younger age groups 20 -29

a " d 30-39 (h 5). The control groups had vivtually no disc space narrnowing present atSthese levels ab opposed to the Pilot groupoý. Ine differences betwecen the pilot and
contrnl group *as still Significant in the 40-55 age grour but the trend was not Quite

as marked. Both d0-53 age groups demonstrated evioence of increased disc space

harrowing with age at tthese levols.(Girph 3) The findirgs of disc space narrowing
most prominant a' Ct.15 and C516 as well as osteophyte Changes at C5 and C6 are
consistent with thr firndings of otrer studies (1,2,3• .

Narrowing C41545/6, by age group GRAPH 3
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DISCUSS,(IN

Pilots of high performanre aircraft are subjected tO a number nf unique
environmental stresses e. a result of a repetitive *Gz envaronleent. Oine of the
particular long feta- hazards of this e•vironment would apoc Lr to be an acceler ated
cervical osteoartht Itis starting at a surprisingly young age. one facI that 'he rare
of chEnges are most Pronounced in the young age groups who are curren

t
ly flying and

less pronounced in the nider nor-flying population group also suggest that the changes
sten are due to the flying envitcnment. It may also suggest that the Tate of changes
SlOw down once t;vý p.o is no longar Isln. The other finding of this data is rhat
the changes are not resulting in sign:flcant clinical manifestariors du'lh. ,, T•E act-l,:
f
t 

'llg portion of the oilot's career with the exceptrin, of diminished cervical range
of motion. Thus the pJ.Ilots are unaware of the cervica deterioration taking place
until somewhat later an life, if at all,

Articular rar'ilege Is highly vulieroable to impact loading. This arcounts for
the h'gh frequency n' osteoarthritls related to joint overload as In shoulder and
elbots of pneumatic drill operators and baseball pitchers, ankles of oallet dancers,
t.,etacarpalphalangeal juints of boxers and knees of basketball pilaers, (2). This

*would also account for the changes seen in the necks of high Performance pi.ots.

Mor -awe
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The major forces on articular cartilag)e results not from weight bearing but
from contraction of the muscins tnet stabilize or move the joint. The major factors
that attetuate shock delivered to the joint appear to be join! motion and the
associated lengthening of muscles under tension as well as deformation of the
subchondval hone under loan (2).

The two major etiologic factors resulting in cervical joint degeneration in
aircrew of high performar.ce aircraft would appear to be lunanticipateci' impulsive
loads and muscle fatigue. As discusred earlier aircrew in a "passenmger" role may be
subjected to a sudden impact loading witnout the benefit of protective neuromuscular
preoaration for shock absorption. the deleterious effect of this has teen exfensively

Stunied in passengers sitting it, mntor vehicles involved in low impact -ear-end
collisions. (2,4,5) Situations leading to cervical muscle fatigue such as repetitive
+G2 forces over a oerioo of time will also impair the shock absorbing mechanism.
Active motion under control cannot cause a sprain injurN. but passive motion with

force, either sudden or" sustained caln produce injurious effects on the joint
StruCtureS.(4). Cxcessive loads c. ase microfractures of the js',bChondra1 tLabeculae.

Trys,; chbaege; In Subchnr.dral tI ne produr.ed by accumluated microtrauma afftCt toe

abilitv to ao0sOt) 'be energy of longltudtnil impulse loading of the joint and may
thereby leaJ to carfllaie dngener3ionn(2). White (5) in his extensive review of
"whiplash" injuries indicates th3t acute !sof" tissue cervical injtries ith later
Csteoarthritic chanoes are tvhiCliy nrornrl- itl motor vehicle rear-end oi'lisions
whe-e 5 to 15 G of horizontal acceleration is apoliel.

Jackson 16) points out that C5/6 and C05!> are Mr-,? vuine. c C to s'ress/strain

ann injury. Osteophyfic sua•'Ing is founed most freouete ly at 14,C, and CG (1,6,9).
This is certainly cons5ivent with the finoings ±n Our stuiy.

It is well known that cervical osteoarthritic chanoes Occur with i "reasino
freQuency With increasing age in syrptomaric and asympfromatiC poOul]tiats.
(I,2,7.8,9). Ona reference (9) places toe incidence as hioh as 80% by age 55. As
well lateral neck f],lxion especia'ly in mains deoreauev with 3gx (101. Radiooraprs jo
not indicate toe extent ot the actual pathology.

It does not seem that thesn chanqes are the rescilt of intrinsic senescence of

arricuiar cartilage but rather an accumulnrion with time of an increasing nmnbe- of
mechanical insults to the joint (?,)1 ). Articular cartilage exhibits a fairly

consistetvr biochemical composition after skeletal maturity with no lesseninq Of the
metabolic activity or the cells. Itovever the ability to withstand fatigur testing

diminishes progressively with age. (2)

Lieberman (9) points out foat bony changes are only part of the picture in

cervical spondyioSis arid radiculopathy. One also requires hiostPchanical effects of
alterel eervical motion as well as circulatory factors. As well one requires a narrow
Spitral canal for symptomatic cervical spondylosis.

Wnil' we cannot prove tnat airerew in thls environment are more likely to

develop symptomatic cervical conditions, this study does demonstrate that the
observable degenerative cha-ges are significantly accelerared in a young pilot
population. It seens reasonable to assume that this creates an environment where
symptomatic cervical con.7itions are wore likely tO occur.

As tie force of itmpact loadling Is a function of the tumber of Gz and the ineioht
of the hear/helser sys

t
eo, ther. incres,,ing either of these parameters will increase

the reperltive lcnqgtudinat impact load on the neck. This wili likely result in an

ircreanto rate of dnoceneratlvm cer.,ccl chi;;.i.,_ ann perhapr. result In a• increasod
incidence of sympt oustic necks elvi e acutely 0o long term.

In light ol this caution is advised when considering incre)sing the wniglht of

the aircrew heilmets for tlgh perfornance aircraft.
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DISCUSSION PERIOD 2

Dr Landolt. Canada.

Dr Andersen. It's alni:,t three years ago that yo.,u had that neck initiry in tile t:I0., are
there any lingering or residual signs of that injury.?

Dr Andersen. Norway.

Yes. I have a very tender spot where the ligament ruptured. There is no tdttulbt tha.,
particular injury is staying with me.

Dr Bishop. Canada.

I would like to ask Dr Gillan a ucution. I wzis ,a ;I r impressed with your notion of the
changes ini the neck of pilots I ying hiM,•, 'r"i'Vir~anue aircraft, Lss a:- e-.ýnple r.,rhaps of what is
known in industry as refetitir: raml i.: r-, •

t
tat suggcstions mih'lt 5io ti:ive tor re.'ucine the

incidence of these in light of re-me o! the "hhý;gs done it, industry to reduce repetitive stitin jn•jury

Dr Gillan, Canada.

That is an extremely good qnestion. I think that there are a nunber ot ways fron, tile
physicians point of view that yoi; cati look at that. One is tr try atd minimise or avoid the risk
parameters that go into the problemi is tile first place; such as the weight of the helmet, a,. well as
the G envelope that i rT,,jired. t|ha; particularly is unlikely to be changed. A number of the
pilots, and that was aliuded to, in this niorniigs paper had began to identify cerrectivr technhlues
to bring their neck into a more opinmal parameter. The one that w;as described to nie waus,
especially it' thc at, combat inanoeuvres. to try not to took a! tlre bogey all the time. but ra!',ef to
tac a tixn rn -sitioa voii head, pull C. relocate. 1 hat is certainly healthier troin the point of view
of the neck ,-1t I can't comment on the survivahility in "hat situation. It is certainlv better for the
neck if it is pos.ible to miaintain visibility, at the same lime as trying to translaie somne of the uorce
parameters, for ins;ance front the occipital area down to the shouiders, and l-ypass the neck.
1owever j can't comment otn whether that engineering feat is actually possiihlc or not, it would
certainly1 be interesting to investigate, and one of the paper, this morning, looks at sotie of these
possibilities

Col Hfickman, lI.A.

Dr Gillr,. sour paper ssill undoubtedly be widely qtuoted because of the iniplicatiolm for
acceleration ot de•generative disease in fighter ptlots and in that regard it has etiorntous inipact in
occupational medic ne. With a sample of 31 and with c,te half a dozen variables I am concerned
about the statistical sample required and the power 2,-at is available for you to make these
conclusions,. In particular I would like to ask whether oi not these are radiographir criteria for
which you have stated percentangcs or measurcmenLs I w.ovuld rge ya u to makc suis thatr eversone
understunrls what percentage yen m.'ould hac conIsidered c'uiUii-es a signuiieant ditterence. For
instance in vertebral height, what cons:itutes a significant mliff re, ce. Iecause tnat wount
constitute the sample size and I believe it is incumbent on us. before ilese st.ito:s ate -widely
quoted, i) make sure that the sample size will support an argument of this size especially where
percentages are involved. You could easily state that you think 2tr is significaat or we think V A

is significant, because then it Would dictate the sanrphr' sie. It is a wCe put ltogecthe paper. I am
concerned about the sample size and the concluslon based upon this power.

Dr Gillen, Cana,'a

I ant seeking a much larger sample. It I can embellish upon that. I cettainly agree with
everything you say. There arc a variet' of stages ,hat can be done with clinical studies. The f ;t,
step is to do a sampling. If the sampling is large enough to give vou some statitieai validity. saelr
and good, but a sample of this size is, mereli that, its a sample. It was interesting hut even using
low number variance analysis we were able to pull out statistical significance, but I would agree
that the intr.pretation should be merely to provide the impetus for a niuch larger study. Th e studs
was ttying to do a nulber of things.: 1) To demrnnsirutewehether there vto .• C-. a.

It was to atrenipt to staiidardise some techniques of quantifyin$ looking at a clinical rmuatiun. On
the basis of this we were attempting to standardise and quantify radiographic teclniqnhues as well
as a history and physical.

4w
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EIJATKHNINiAG;MOCR&PI l FINDING;S OLl.OWING(;(EI{VI( ALINJURIUES

by

W.JA)usyeneid. I I.W.Korlsrhut. C.Gifisgxns, I I.A.A. At long and M.R.Snasci
Aca-denistli Medistli 0-niremn

tUhicrrxi i A iuttlrdinn
Mcii -rgdrcfl 9

1105 A2 Arxstrrdnin
I1hc Ncthcriagidc

Introduction
Tfhe cervisal column cois,suts of seven vertebrae with thirty-eight joints. The head
weigh~s about 4500I grams&; ho~wever, the musculature of the neck. adds considerably to the
prlseure on theý vertebral column by tension of the neck nilsfor they function as the
stays o.f the mast 01 a ship. 7.is adds tip to 50% of the at weight.
H-ead mon: Zt :.C nalIco by changji-g the alignment5 of t. cervical vertebrae that lintil
th.e skli, with the lodfy. Th- ,avrŽt re controlled by the activities of more than 20
pniis of mousSec cwhat link the- skull, tine 3pinal column and the shoulder girdle. The
biomez~hann'at ,:ocei of rho hesoi-lieck system j.ursuits a whole spectrum of movements in
aill plenes of motion and :or a variety of speeds. 7he muscle actions are constrained by
-hev nliie -I, ke-operti-es of tne .-eit e:a. columni, whose aruiculations differ in their
rauýga arid tituctftsne ot mcibtout. 'Ihis model has three types of elements:

- he flexsole coir. the vertical column nown to thec upper thoracic area, including
the soft- -.onn1ective tiecues.

-the.c rigid mats of chbs heedc.
- tii.. necka wuscl: a ompl cx, d vided in:

-the pn'ierios nieiislta: ft.:. srn-splrnali.l capitac).
-thn' a'tr~-invr Mnmids; (n. uteurnocleidnmastoideonc complex),
-th~e poster~o' tzanseerse eusclrmý (in. epiinics),

-telateral mueries (mv. loragisec ivu capitis).

insý act! iced ,ions. mas iitstat ion and morel r tons ion,; can h-e approxi mated easily.
so tha~t tnrc rorn6ui tatsc C touques are compatiiile wixth the- knox-is torqgiss geýnera-
ttid voluntarily in various dire~tcsrnc.
All typur of s-ola ions

1  
movements can hie performed with Sthis ccnstroctxon w.hile the

axis of r'otarict, changes a'itoniaticahly with chaniginq conditions. Also transitional or
slid itg oovementna Will occur automatucally. Mlost. beat, movements; axe, made while using
svveral muscl es T1ic coosilinution. of tiuc l:ctuseles Isa nut clear, ar several ncact muscles

can ,hars a si-uscr pulling direction. 7Te particulaKrsole played by a single muscle
cannot bie predicted by. its pui Ing direc t Ion'.
The: neck rusCcl Cynteým has -.olt_ neur:al con.-roller locat.ions and e~ght locarsons for
scusc ry f eed-bach.

With eegc-rd to the vest sholu-S-pa na connectijons too ma~ cr proj oct i oni are. kt.cwi:.
the lateral veatibuipý,jInai tract, originating fromi the latera, vesLihoula:
nucleus foe~terel, arises Irom neurons which receive input from the enteaior
veistcail sem-icacular canals anrd frocm the! otol ithc, aiid project, to ai,d.
escite homit.lateral doscal necuk rot,-r neuronis.

the medial vost~iwbulýo-APinei, tractj cou.Cair.i multiple Components, or-gulating from

allI Three canaln sond otoilith Orgtans. The hr i ivotal ca;cIinpo e'ursczntrala-
•i:al -cc tiotor. neurons. a nd sni hn Io.-olte a)Li i neck motor nou-roos. fhe

Anter: or c:anal input excites the cents aicteral dorsal and venti al neck motor
neuJrons asS" s hi 121ts hovoClatcrel vent sal neck motor neurfons. iThe po-t crine canal

enpic excites veil1t sal neck motor neurons and uii~tbite homol atesal dorsal and
ventral neck motor neurons nil, contralaterol dorsal neck motor neuronis. Some
neuroniýsc nie mdi ate otcolith input to inhibit hoed ateral neck cutor :ievrons and
to excite as well as irliblir coiitrsklatvral neck olria; neurons.

Neur~ons. botl. fiom the lateral vestibulo -nasnai tract end the medial vest ibulo-spinal
rodic which Proj act to t is nsck rotor neut! ora also send bravc her to other levels; of the

spi 'ml cord end to lied netee, nuclei including the 0:0) omfltor nuclei -

ike motor system of the neck ran lie uccsideredi as abuundant as it ran product the same

scýans thrIL the syntet uses some types of optirwla.ty crritnon in choosing theý particular

pattern

Vi'sssve rotation of the head ensue-,, after a snort delay, a ra3pid syemnovenect in the
drconOf the head rotation. Ttiss movement originates from th, can~'- -- ½.!

To attain ths visual target the gaze is controlled by coorcilnated eve-head liovements.
in order to control the 1 iosi t.;on uS' th~e visual axis precistly, the eye -id hzuad positi-
ons erac monit-oted by corel I CŽy discharges, that cal cui ate an internal rvprceentatic~n
model o' the current geze potion. This is com-pared tc the desired gals position to
yield an Iintornal signal spr~ecfyr..g gýaze position stress. Tecco-reti cute spinal neurons
are, responsiible for these gatec signials. The superior collleuilus piayo; an seportana
101t In the C~oirdiioaticuiL of emitsa ocular anid neck musicle commandJs.

It is clear that the .:mlcld network of muscles arid neural mech,,nisiss makes the
cearvical area vv;lnesalle t-o traumaita.
Among thi, blunt tra3numas tc. t his cervical region are the aceeleratuun-deceieration.

accidents, better knodn -is ce~rvical whiplashi injuries..
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Since the first report of Gay and Abbott in 1953 about the effect of acceleration
traumata I n the cervical vertebral column, this type of injuries has drawn considerable
attention.
The invention of traffic lights, an increasing use of automobiles and traffic jams
ent. need the incidence of accidents, especially the rear end collisions.
When the human body in sitting position is exposed to P blow from the rear the trunk
accelerates for a short while whereas the head lags behind. When the head strucks the
head support, which limits the extension of the head, the next moment it is thrown
forward which results in a rather strong flexion. When the heed reaches maximal flexion
a swinging force stretches the cervical column. The muscles need 5-20 a sac for activa-
tion. So the movement is completed before the muscles are able to give any resistarnce,
as the incident lasts less than 50 m sec. That Is the picture of the mecharism of the
cervical whiplash injury.

In tnie vestibular department 173 patients, suffering from the consequences of an
acceleration accident of the neck have been investigated during the last 2 years.
These patients were aged from 4 till 56 years. All patients acquired the trauma at an
automobile accident. The patients visited the department because of persistent com-
plaints as headache, dizziness, tinnitue and visual disturbances. In all patients en
ENT-investigation, audiometry, vestibuiometry and visual tracking tests were perfor-
med.
Although all patients had the type of injury in comnon, combinations of complainits
differed considerably.
The complaints are given in table 1.

173 patlents with carv 1cl wh.lglcgh Inturlie

Unconsciousness 52 30 %
headache 152 88 %
cerv!co-brtchiolgto 163 94 %
vertigo - dizziness 136 79 %
tiredness 118 68 %

memory dillicultles 54 31 %
difficulty in concenlroatng 49 28 %depression 38 22 %

lrrltoblllty 16 9 %
tlinnItus 62 36 %

vlsaol disturbances 42 24 %
heoring disturbances 21 12 %
decreased alcohol Intobarance 23 16 % table I

When unconsciousness for more than 15 minutes following the accident for more than 15
minutes occurred the development of psychological problems appeared to be two tises
higher.
The most common complaint was cervcuc-brachialgia whIch appear d in v4% of L1- patitnts.
Headache with 88% and vertigo with 79% are well represented to,,
All these complaints did not show a consistent character. Free intervals and changes in
sever ty were r;,ther ccomon ulth regard to all types of complaints.
Head- he in most cases ii s radiatinS F8om the frontal region (17%), from the occipital
side (59%) or from the vertex (24%). Tuis headache was chronic in 24% of the cases,
paroxysmal in 32%, and its preaense was shown iir 44% when provoked by activities.
vertigo was present in 79% of the patients. In 07% of th"se patients the vertigo was of
a chronic type, in 35% ol a paroxysmal type, which avmans thaL vertigo appears for
periods of 5 minutes to severel hours, while in 18$ vertigo only appeared during head
movements. In the first two types the ,ertigo changed re',erel in ruýst cases over the
time, sometimes with free intervals of several weeks.

rsaminat-on
Examination of the patients revealed that only 28% suffer from some limitationu in
head-neck movements.
9,espir.q i:; nind the Pnnhistrcated structure of the cervical musculature and cervical
vertebral articulations the discrepancy betweent the presenut uf ccrvcc brachialna and
movement restfrctioiis u-,, vesily L, ._;IA.•cn. Although in. all patlents X-rays of the
cervical vertebrae were made, only in a few cases pathology was found which could be
linked to the accident.
A spontaneous and positional nystagmus of more than 5'/sec was found in 60% and 61% of
the cases respectively. It, a normal population this sign of vestibular system pathology
appears in less than 2% of the cases. (See table 2).

fA
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Zgtleints w.lth cervical whiplash iniuries

limitation at neck rotation 48 28 %
cervical induced nyslagnins 134 77 %
spontaneous nysiognsus 104 60 %
positional nysvagmus 106 61 %
bilateral gaze nystagmus 138 80 %
visual pursuit disturbances 142 82 %
oplokinetic nyitagmu, pathology 70 40 %
peripheral vestibular lesion 8 6 %
no EN.G. pathology 8 5 % table 2

A cervical nystagmus examination was done by succeLsive head rotation to the right and
to the left for 30 sic. A cervical nystagmus can be of a proprioceptive type or a
vascular type. In 77% o1 the patients a cervical nystagus was 1ound, of which in 80%
of a proprioceptive type which means lesiont of the cervical neural roots.
A bilateral gaze nystagmus is a sign of brain stem pathology. This irystagmrrs is found
when a gaze deviation of 30" is maintained to the right and to the lefI side successive-
ly for a durstion of 20 sec. In 80% of the cases this pathology was found. Also patholo-
gy in the visual pursuit movements was found in the same patients which points to
brainstem and cerebellar pathology. The visual suppression test during the rotation
test, evident for cerebellar pathology, was positive in 30% of the cases.
This means that in 82% of the patient.s lesions were apparent in cerehellar and brain
stent structures.

Discussion
It is characteric that the described patients were more disabled and remained such
longer handicapped than was anticipated, considering the mild character of the accident.
The described cases came to our depa,.tment in a period of 6 months following the
accident, which means that only patients with persistent complaints were ' ..vlsLigated.
The findings suggest that overexcitation of the cervical prop'ioceptora may be an
etsological factor in causing vertigo due to whiplash injury.
The abnormalities in the visual pursuit movements indicate a dysfunction of the central
nervous system.
Durinn a cervical whiplash injury the flexion of the head means a pull on the cervical
medulla, which pull as conducted up to the medulla oblongata and to the brain stem. The
pull can mean a lengthening of these structures of up to 5 cm.2
It is clear that such a pull can cause extensive damage to tle central nervous system'.
tong after a whiplash injury the lesions to the cervical soft t:ssues and the ruptures
of muscles and ligaments have changed morphologically to inflammatory granulation
tissue with scarring and deqeneration of nerves in the cervical area,.
Our findings that 791 of the patients suffer from vertigo is rather similar to the
report of Hinoki' who found vertigo in 87% of this cases According to this author
vertigo develops according to table 3.

5
•,u~n•,•ur~ iay,,olhtor ust =
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table 3
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Cervical whiplash injuries cause damage not only to the cervical soft tissues and
ligaments, but also to the central nervous system, often in such a way that pers!stent
damage ias done. Head restraints suppo't the head against the threat of overextension,
but flexion most probably gives far more damage. This means that the protective effect
01 head restussnts 1s limited, which was reported already by States ct a). in 1972".
The reduction of the incidence of neck injur'ies was disapposnting too. When the head,
as the most vulnerabie part of the body, has to be protected against acceleration
accidents head restraints have to surround the head. Perhaps a challenge to designers
of asitomobiles.
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AIRC.REW NECK IN.It )RIES
A NEW, OR AN EXISTING. MISUNDERSTOOD PIHENOMIENON'

try

Frederick (.Cuill arid (;.Ronald Ilivid
Scant,! I tifincet. LISirpjc Syrtenir.

Naval Air Ss'titcrrr C. tonitian
(AIR 53112C)

Wahntriijt~irtt D 2(361-S-5il10
Urtited St:itc,

The first U.S Navy etection Occurred an 9 August 1949 Since then, tie Navy has espenerraced 4.335 ejections throrugth Marcn 1988

The firat serious neck injury, a pamoracric strain, associated with an ejoircon occurred on 20 Fefbruary 1953. That injiury, also, was tIn Navy s
hirst vs-ebrtfaparanenteisat intury ansacirtod with ejectron Intralty. assessmrrent at such neck injunies wao accomplished as simply another nerlebrer
injury. however. in nsjre recent years we trays beacome iricreesNlng aware that the conrucauipurscersrcar injunes reincted an cormnecton wrth ejectIonsI dco not exhibit the ssrnn pattern characterrsics aso other vertebratlparravertetwai injuries 

T
hey occur at OJffrternt rates than wcutid be eapiacteci based

upon Ciii rates of inary tar Other vertebral regions Farther, Althug a dlear loataonlShip betwiten ttrrough-the*carrcry ejection and 5'ghnr incide~nce
rates at vertebral injuries had been established land a onuS.. ,.ectriarisiti, sientiiredl. that appevard niot to be the case with rernicayfparaoeurvcnt injuries
In addtitrio. white verttbrattparavnerterat injury incidence rates have tatteri with thei Chtanges in catapult boost accelefeatior. cnrrncailpreoervrra injsrj
intecirc rates have Steeadly increased

Whty aer cirvrc-aUperacer'i~cat iniunies associated with ejection ecrreattng; whiy nave they riot cdectined as thea injury incidence rates havs tor other
spina regions? Annedotla anid "fstcatala mhap data examrined and lsspsnnvt in thas anti pro'r strdides by the aarto.n suggest that the answei might
lie in the aircraftrszrrteirnenng capabilities arnd in an increased frequency of ejection during, or folkowing, gyrahions rnsufting hrorn toss 0f corlcri~ of
aircaft The answers wne have obtrtinecf suiggest Urur consicerabte carbion needs to be eunncesed in thre cunrent trendj to inegraet mrenitod systemoS
etenients into ircrnwInhetirwirs. especiutty in tight of the san-lininted manareuvnring capabitities ot today s modemn tacticat airciaft

INTRODUCTION

On 26 September 1974, the Naval Safety Center. Nortole, expressed concern in a naval message that the fiequoncy
and Sevenity of neck injuries suslained by ejectees were increasing significantly. This message touched off a flurry of activtty.
much of it Still Continuing, aimed at assessing the claim and ascertainit j the causal mechants5m(s) and factor(s) for "ejection
associated' neck nf~usas. The neck injuries of particular interest then and ncow are:

* Cervical Tranuv-chons
*t Cemnta Sabtanahions
* Caiial Fractures
*Paracenrncat Sprasins
*Paraorirvrca Strains

This paper ts cne of a series at midstream reports Concerning our progress and ftndtngs in probtng the U.S. Navy
ejection statistics. In our earlier papers we heve limited orurelves; to the assessment cot data presented in the Naval SuAlety
Ccnt-, Nortttitr, qajeoion miishap daia tapets. Tniese data, covering the period from -, Jonuaty 1969 through early 19M8, woer
encoded and synopaized byf the Center from MORsJFSRs (Medical Officer's tteporlsFlight Surigeon's Reports) prepared
and submitted for each ejecltion mishap and presenting data -concerning the aircrew and the aircrew life support systetos
(ALSS) equipment, t e., helmets, flight suits, personnel parachutes, ejection seats, etc.

These data, however, proved inadequate for ascertaining whether there Isas in, fact been) any signific-ant trend affecting
the frequency and/or the severity ot ejecion associated" neck injuries.

Accordingly, in this portion of this on-going effort, in an attempt to a-scertain whether the current frequency and severity
of "ejection associated' neck injuries differ significantly from those of U.S. Navy earlier escape systems, we have exploreil
the limited ejection dale contained in a lo~q of 1.968 U.S. Navy pre-1 969 ejections and ejection attempts (beginning with the
first U.S. Navy ejec.tion occurring in 1949 and ending 31 December 1968). In addition, we have compared, and are compar-
ing, thea date contained within thne pre-1969 log to the data contained in the Naval Saft ey Center. Norfolk, ejection mirshap
tapes (Ogure I)-

Aithough the pro-1969 ejection log data was utilized, it was used cautiously for thin rdata hasei in han,.ai -

v; prubienis, especially among the data for the first decade of the tog:

- 11. ,wscie Daei

- DriScutt to Itht.,fl Ejaunon Aft[Jlug Data re ternse of 5'stern Terrain Clearanice 'erfnrrnrnone Cepeaitay
- Contairs Miany Anrbagunus arid txi-Specrhc eirrs Whtirch Require Interpretation

*Total AaruLefe Deja is Lwnrneed, Eapeci ly, far' the First Decade.

* Escap System Modlitcatbari Nil Always Recorded. e.g.. WL (Zero Dela Lanryar). in Na-vine Perontlin
Douterrielatisi Wfthe'w Present anid Used



t DATA PREPARATION
The first step in attempting to compare these data was to review both 30tS of data to eliminate those cases. both those

with and those without neck injuries of interest, which were either not accomplished clear of the aircraft or in which the
ejection was initiated outside the system's terrain clearance performance envelops. The resulting populations of ejectees
(Figure 2), therefore, except for those experiencing major system failure resulting in nun opening of the personnel parachute,
do not include ojc-tses with multiple extreme impact injuries, a condition which makes virtually impossible the rationel deter-
mination of an injury's causation, i.e., was it induced by ejection forces. windblast, crash loads, or unretarded body impact
with the surface, etc. (A few cat as in the Naval Safety Center's data tapes have been classified by the MOR/FSA preparer
as "out of envelope" based upon the ejection airspeed. Io the extent that we were able to identity those cases, they have
Sbeen added back to the data base since they might help anchor and define the role(s) of airspeed in producing these
injLTrI5.] Neck injuries among ejectees experiencing non-retarded surtace impact as a consequence of personnel parachute

Sfai!ures were not examined.

To tihe original list of nck injuries of major concern, we have added the following in this effort:
• C.erm-ogl _o~rni lon Injury WiLtho Fracture

•Corvai Cruh~ng

*Cetvic Dsc Ruptures
• ervicir Di•sc Hemiet

* rinn of Puracerrvca. Muscles

* Teanng of Paraceni"I MusclesiLgarrmnts

This expansion, while adding no new cases to the ejectees populations previously considered, helped provide assurance
that the population derived from the tape data base was as complete as feasible. None of the pre-1969 log data included
any notations of any of the above listed injuries either,

DATA SORTINGS AND ANALYSES

As shown in Figure 2 and Table I there were 1,764 ejections reco. ded in the pre-1 969 og which appeared to meet
our critena for being accomplished clear ot the aircraft and within the escape system's terrain clearance performance envelope.
For the period covered by the mishap tapes, 1 January 1969 through eddy 1988, the nurnber is 1,677

These two data bases were searched (the pre-1969 data base manually and the post-1968 data base by machine) to
identity all recorded neck injuries of the types described in the two lists above.

Twelve of the pre-1969 ejectoes (0.68%) were reported to have sustained cervical fract.,res. while 28 of the post-1968
ejectees (1.67%) wore reported to have sustained similar injuries. [One pre-1969 A-5A ejeoctee lost at sea was reported to
have descended hanging motionless beneath his parachute, a condrtioi reported for tle one pre-1969 A-SA and two post-1968
RA-5C ejectees receivitg fatal neck injuries However, since the suspected injury could not be confirmed, the ejewtee is not
included in any neck injury population.]

Parec•c•riJ sprains andr strr•ins were reO, ted to have been sustained by 113 (6.41O/o) of the pre-1969 ejOctees and
by 204 (12.16%) post-1966 ejlju;,. It is imporant to recognize that the terms "sprain' ano "strain" are ili•ly. ;ny "ed
post-1968 data base to describe a wide range of symptoms, e.g.:

"* Paracarva Stiffness

"* Paracemurca SorenAssfTenOemess

"* Pr,ra.evical Spasiming

Accordingly, we currently are engaged in an effort to classify these sprains and strains by severity, an especially difficult
task for the pre-1969 data base. This requires oevelopment of a common basis betweeon the pre-1969 and post-1968 data
bases for judging the injury severity and/or the acquisition of additional pre-1969 data. Both approaches era being pursued.

Table I summarizes the annual pre-1969 in-envelope ejection data, providing the annual and total number of ejections,
'eIcteet, receiving cervical fractures, and ejectees receiving paracervical sprains/strains. Table II provides similar data for
the post-1908 period. Table III displays the pre-1969 data by aircraft model and type of ejection seat, while Table IV provides

a similar display of the post-1962 data. The periods during which each of these aircraft models appear in the pre-1969 tog
r-- th pt-i ý1968•.e rir r•i•e are shown in Tables V and V1, respectively-

The pre-1969 data proved incomplete concerning cancpv mode of the escape with large numbers of cases having no
trode shown. Even after inserting values tor those systems in which there is no flexibilRty, there remains, with the currently
available data, a large body of unassignable cases, precluding assessment of the role(s) of canopy mode in the production
of these neck injuries among the pre-1969 ejectees.

Likewise, there is a paucity of pre-1.969 data with vhich to evaluate th. role of aircrew preparednoss for the onset of
G forces in the production of these neck injuries. The only available pertinent data is the presence or absence of powered
haul-back type inertia reels in the seats. These first appeared with the introduction of the L$-i and HS-1 ejection seats ant.
later, gradually appeared in ESCAPAC election seats and then MK7 series ejection seats.

__ A
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In the pre 1969 logS there is some data concerning collsions with trees, Duildings, etc., during parachute descent. con-
cerning parachute landing falls, and conceiirig the presence of prior neck injuries. There is not, however, any anthropometric

data for the ejecteos. There also is a lihmied amount ot data concerning ejection seat malfunctions which rr;ght have
influenced the neck injury incidence rate.

SUMMARY ASSESSMENTS

From this effort and our earlier analyses, we have developed an initial fool for the data which suggests that there is

nO single neck injury causal factor or mechanism but, rather, that the causes of "ejectien associated" ned: injures are manifold,
irncluding the following:

Aircraft Maneuv*ess(.yrsteons
-&rir Pior is and Durng Eiection
-Rik uf injoiry Greater at

* Hghoe G GIG Onset Rates
* Hiygier Rotai•Opal Rates and Onset Rates

* Type Mishap

-Md-Air Collismons

-Haid Landing/Cfasr

* Urrpreparedness/PoOr Body Posillon
-For inifght Loads

-For E.actron

* Certain Types of Systemh Malfunjctions

-Post Soat-Man Separation Cotisons
-Entangemerrt of Man to Seat

* Presence of Ironecipletely Heae•e Neck I njury

* Post-Elecion Inmpacts
-Goilisons with Trees. Butdings. Etc.
-- Hard Landings/fl-'rr Parachute Laming Fairs

Although both the data and a qualitative analysis suggest that a relationship might exist between these factors and the
incidence of 'ejection associated" neck injury, it is not clear from the available data why similar incidents lead in some in-
stances to an injury and in others fail to produce an injury. It is recognized that these data are gross held observations .is
opposed to controlled, measured laboratory daf. and, thus, lack considerable delail, especially concerning magnitude, direc-
iron, duration, and point of application cf resulting forcas.

Ih deveop;ng the above list of factors, we have examined the ejectron oata for relationships between the incidence ol
injury and the following:

* Ejection AispeuI; MItchanilms

- Paractutr Opening Shock
--U.e dtOur]•1isre Spreadler Gun

- LilyDrag of Helrmer

* Type Ej•eclon Seat

* E.,ctee Anthropc."at'y

* Aircraft Manouvor/Gyrailon
-Pre-ljecior

- Dirrig Ejectcn

* Alrcrew RestraintlPosltlorningPosture

- Powered versus Spnng Retraction Inota Reels

*Canopy Mode
- Jrittsoned. Canopy
- Througtiiahe•Canrpy

- Partial Cuirtg of Canopy
- Canory Fregnreniation

* Existence of a Recnt Prior Neck Injiiry

- Ai-rew Preparedneso If, C Loads

The folowm'ng is a brief discussion of the above and other facto's which, based upon the data and our analyses, we
believe to be potentially significant to the issue of "ejectron associaled" rxlt injury

Aircraft Maneuver/Gyratlon Forces

Airong the potential causal factors is the aircraft inflight maneuver/gyraticn torces both prior to and during an ejection.
Anecdotal data exists in both publishd•l [Schallj and unpublished form [Schall, end various narrative desceptions of mishaps 4,

I y

-it
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and infight physiologvial incrdentsj indicating that during flight airrerw can and lhave incurred injuries similar in nature and
seventy to those reported associated with elections.

Since 1 January 1969. 1apelts summarized in the Naval Safety Center mishap tap3s triadl.ate that 27 U.S. Navy MA-2
restrained btrcrewmen (9 during flight and 16 in other flight related events less than an uncurntrolled clash) have incurred
paracervicaý strains or sprains due soley to inflight or landing loads (leaIle VII). The rate of such reports appears to be rising-

In addition, analyses of other types of injuries and ALSS equipment damage have clearly demonstrated the potentially
dramatic affects that inflight maneuvers/gyrations can exert upon an ejecting mail-seat conibrnatioir as it separates from
its rai!s. We now know, for example, that the roll rate of an aircraft can exert an enormous influence upon the behavior of
such a mass. As the rate of aircraft roll during seat-aircraft separation increases, the deo'ebhli•ing effects upon the man-seat
combination can become very severe, resulting in rapid roll, tumble Or even epicyclic tumbling of the man-seat combination
and, we suspect. probably can induce ejectee injuries.

As we have earlier reported. there is a high concidence between the repoited occurrence ot cervical sprains and strains
and the occurrence of aircraft spins arid other forms of uncontrolled flight.

There appear to be three injury mechanisms potentially inducing injuries as a consequence of the inflight aircraft
maneuver/gyration forces:

Inffight

Si.apd. inertial Lou, lad.ced Whippng Motion of thi Hoead ariJ Nock

* Abupt. High Energy Ceonact of tie Hehilvio Hewa von Can opy of Oturer Ctiodl Within the OuClKpil Ijhaill

Ejection

STurheing the Seal Rapidly Dir.ig T,-Of. Inducriig igh Speod Sepniereoi arld. Ok.carsoally. a SouDsaoiellt Coll, x eimo.er'
Eiee•s Helmeted Head arid Seat HoedStai

Bason. et al, demonstrated the high degree of freedom expenrienced by aircrew wearing their restraints property, freedom
Sufficient tn pernmit high energy helmet canopy and helmet other structure contacts induced by rapid onset negative G The
records in tho pre-1969 log and the Nava; Safety Center mishap tapes are replete with incidents in which such impact loadings
occurred. often to be followed by an ejection as conditions worsened. Ir most such instances, those impacts or conditions
are merely noted and not explored as a possiole cause of a repo,tLed injury. Instead, the investigators' attention usually,
Ond quite naturally, is focused upon the ejection system and environment forces as the likely culprits And, should one deesre
to ascertain wnether "poeo position for ejection" or "windblast" or "ejection forces or "parachute opening shock" is the
likely cause, one need merely select the appropriate coed(s) for a data search to obtain confirmation that such a cause is
a frequently cited causal factor.

We are continuing to explore the comparative rate of occurrence ct uncontrolled flight before and during ejection bet-
ween the pre-1969 log data and the mist ap tapes data An initial impression as that there has been a change in the dynamic
characteristics of mishaps leading to ejection with the predominant Characteristics in the 1950 ,•ad early 1960s being relatively
benign reliability type aircraft and aircraft systems failures. Less than a third of those early ejections appear to have invoived
highly dynamic uncontrolled flight, whereas nearly two thirds of ejections occurring in the 1980s appear to involve these
conditrons either preceding or during the ejection.

Type of Mishap

Aiioiiy the 33 most sevare post-1968 reported paracervical sprains and strains. 6 involved mid-air colisions (in one
mishap apparently the pilot's helmet was actually impacted by the other aircraft when it penetrated his cockpit canopy and
in another mishap the two aircraft Collided twi'ce!). 2 involved landing damage, one of which occurred during a ramp strike,
and 16 involved spins. sevare rolling and other forms ot uncontrolled flight.

Unpreparedness/Poor Body Position

Again exanerning tre more severe post-196, paracervica• sprains and strains, one was command ejected while unconscious
and 4 ejected while their heads were bent forward or "snapped forward on ejectI;on." Several less severe sprains and strains
involved unconsciousness of the ejectee or other signs of unpreparedness for ejection.

In the i'flight C-2 fracture and subluxation reported Dy Schalt. the individual was unprepared when the pilot pitched
the aircraft nose down. As a consequence he rose out of his seat, striking his helmet against the cockpit canopy. Subse-
quently, he became paralyzed when he turned his head to the right

Role of Escape System Malfunctions

Severa! verteDral fractures and two cervical transections occurred among airciew:
"* Experienong post inan-seoa sei•raation collisins whent tio emrply seat overlook lnern loiwoing personnef, paiachute Opening

"* Wine becaine entangled by hines tying i•eior heimeted heads to trhe seat headrest prir to nan-sear -.eparabon and pasonnal
paracliute deployment aid opoi-r-g

. . ... . i
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Recent/Existing Cervical Injuries

T;v-o eluctees s&staining ceoical spraens/straer.s (one pre-1969 and two in the mishap tapes) were reported to have

sustained whiplas-,. typ injuries a sl ort time precoding the flight which ended in the ejecti.n There worn no similar reports

for any of the ajeclees not sustaninrg such injuries, although the absence of such reports might simply rotted the lack of

in;erest resuhing from the lark cf an injury requiring an explanation.

Parachute Landing Falls (PLF)

Glancing collisions of descending ujoctoes wiLlh trees and builoings, and backward falls during landing, particularly over

the ejectee's survival kit. resulting -.i helme:ad head strikes writ' hard ground or pavement are relatively common A signifi-
cant proportion oi those reported eve:-,ts are associated wnt- ejections in which the e.qectee incurred a nock injury. Again.

rarmarly such an evEnt is trot exa.irned by the reporting medical officer as a potential cause of the neck injuries.

The majority of such incidenrs appe-, to have resulted in miror ,.ratchrs or other lesser injaries. However, the potential

for more serious injury appears to tie present, even if overshadowed by tyIe prHs5erre of an eje-tion and the more obvious
forces Accordingly, we are cur-".ntly sorting and analyzing PLF vuresuc tr'rai end Pt F versus ejectec w.'igfif, oy parachute

typo and size dala I. e.. determrins of ejecteo descent velocity) to aeciClun whether arry pattern might exist,

Ejectee Anthropometry

AflhouJgh the effects of ejectee weight night be masked by such escape cysteri factors as the differences in the doost
catapult charge, and the size, shape and porosity of the pc sonnet parachute, no ind.cations of a i ta:ronsirp between weight

(lighter weight exp~erirecing a greater b-ost acceleration, a lower opening shock oecelcratron. and - slower descent rate
under a fully inflated parachute) srhl the incroence of neck in;ury have been .-oed within the post-1968 data. As noted previously,
the pre-1969 data log does not contain ýny anthropometric data concerning the ejectees

Canopy Mode

AIthougO the effects of canopy mode upon the production of vertebral (ractures and paravortebal sprains and strains
has been wet documented ar's the prooaLle associated ;rjury mechanism well defined. surprisingly the same pattern does

riot hold true -t" cervical fractures and paracervical sprainsý and strains. OCe factor in the failure to demonstrate the same

relationship might !, the small numbers of these injuries in comparison to the totei! numbers of the overall vertebra! and

paravertebral injuries Another factor, one which seems to have reduced the overali incidence of vertebral and paraverlebral
injuries, is the significant reidction in the boost catapult acceleration forces exerted upon the ejectee by the more modern

eljction seat systems. This lowered boost acceleration. resulting from improvements i, Other aspects of the systems such

Ps nersonnel parachute deployment and concern over the effects of high. profor~ged boost accelerations LU'io aircrew safety
undo: adverse atttude escape c-)rdrtions, lowers the magnitude of seat slap which can be produced by the seat-canopy

impact during a through-t'e-crunopy ejecton.

HWwever, considering the relatrvoly high r•obility of the head nrelk combinatien in comeranson to the virtually rigid
irnmob-lirv of the thoracic arid lumbar soctions of the vefabral colunor, ir is probable that mechanisms other t.han seat slap
if, fact have been responsible for producing the ccrvical and paracervical injuries.

- EN-cts of Ejection Airspeed

Marry have suggested !flat ejector, airspeed might be the critical factor, suggesting such divergent resultant effects as
personnel parachute openir-g si.acik aric a hangman's nri-ore effect produced by the lift and drag characteristics of an ejaclee's
helmet.

It should be not.Jd that parachute open ng shock ., a function of many systenm and parachu:e factors. among Which are:

SDein As•prts of Utiection Seat in W'VIch Ubsd

- Delay ir PE.;, tponre•r
- Typo u. Parar.nuie DployMeni Sys,:err.

- Delay Berre(. P..-k cpir.ri ant FriJ Lie Stretch

Sarn Pi.-adie AJg -wn.1 ar Paraclrwo Ot•.'e;ng
-- a'ýiation f tile Denlo-ig Parzichrure to IrK •i•rsPtr

*Cati- Sinai, ftmis rw,r.,lr I-,? c'. tfc

* carwy tizes

* or0e'y of Mr-. P'ractlut. La•nOpy Fabrc
.C, tru ci tin Carnpy Tiiro•a Curing Doi•uinen 0 f( o Cre'.,. A•5auns t Prematue. re P r to Furl LMi Srar:tii, Irfla•ic• and Aqa•r•,

%r0 .W i ofhItliat i Cam-py)

and. as a coriseauence. when aesstsusrig the potential orioen -tg shock effects for a multitude of ejectior seat systems, the

a Iettfcts coid well ma.: one another. However, to avoid tnrs misking efrlocl. we Ixarnm;rxd the data for severa] indiadual
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families of seats possessing highly common design characteristics likely to produce highly similar personnel parachute open-
ing dynamics. We found no indications to supporl the idea that the "ejection associated" neck injuries might be largely pro-
duced by personnel pa~achute opening shocks.

The data with which to assess the potential role of aircrew helmets is at this tim9 incomplete since we cannot ascerlain
the specific type of helmet employed in the majority of the ejections We hair, however, been acquiring that data and enter-
ing it into the post-1968 data base. The data have been obtained for over 9,-0 ejectea, a number of whom sustained neck
injunes, generally paracerwical sprains and strains. These data, although small, have not supported the helmel hangman's
noose concept.

At this stage of our invesligatons wc have not ioentifed any strong indicatiuns ot a significant role for ejection airspeed
in prouucing the "ejection associated" neck injuries.

CONCLUSIONS

As shown in Table I, serious "ejection associated neck injuries are not a new phenomenon among U.S. Navy electeos.
What is new is the major attention now being given to this phenomenon, especially towards determining causal factors for
these injuries. Much research has been conducted, is being conducted and is planned to investigate head/neck responses
to dynamnic conditions of impact loadings. Much of the past, ci -rent and planned investigatory research seams very narrowly
focused upon dynamic responses of the head and neck to impact loadings to tho exclusion of other injury mechanisms --

a few of which we have attempted to iliestrate in this paper through examining and comparing the a-'3laole mishap records
associated with both those ejectees sustaining the serious neck inturies and those who did not.

Based upon our examinations oi these mishap data we are of t, ie opinirn that there is no simple answer to the problem
ot "ejection associated" neck injuries, that there is no single causal factor but, rather, that the underlying causal factors
are many and varied.

We are also of the opinion that the problem is an increasing one. The evidence ind'cat 3L quite ciearly we believe, that
the frequency with which these injurnes are occurring is increasing. It would also iipear that cervical fracture rates are in-
creasing, although at a slower rate than the growth in the parecervical sprains and strains. V/nat remains to be seen follow-
it , the retirement of several specific seat types, is whether the frequency of cerv:cal transactions will decline.

We are a!so oi tne opinion that a significant proportion of the serious "election associateo" neck injuries are in fact
likely to have been induced by the inflight maneuvering/gyration forces imposed upon the Aircrew prior to ejection or during
election. These, we believe, are especially significant end requiie consideration as he!mets become the handy means for
mounting sights and other needed equipment upon the aircrew. Restraint ot aircrew heads in flight is probably not practical
since they teed exceptional head-neck and even upper torso mobility in order to visually acquire and to maintain visual con-
tact with enemy aircraft in order to successfully ongage them either defeisively or offensively.

1ihes authors appfreziate the pcejiarnrr.,,i and data s.arca assistance priio cldd by Messrs Stave Nguynr and Chales Goeirgir I
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Navy Ejection Data
Examined

Two Separate Populations

Unrefined State

1 2370

Re•u,&rds Records
I 1.49 thrjugI. 1968 19,9 through m1r-1988

Manually Searched Computerized
Data Base Data Base

Figure 1.

Navy Ejection Data
Examined

Two Separate Populations
Ejection Accomplished Clear of Aircraft and within
System Terrain ^Iearance Performance Envelope

1 764 1677
Ejection Cases Ejection Cases

19G9 through mid-1988

Manually Searched Computerized
Uata Base Data Base

Figure 2.
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In-Envelope Ejections
(Pro-1969 Ejection Log Data)

Year Total F SprainlSt'ain

1949 1 - -1950 5 -- --

1951 8 - -
1952 11 -I -
1952 29 -- --

1954 41 - 1

1955 66 - 2
1956 79 - 3
1957 114 1 7

1956 134 - 12
1959 107 1 6

1980 1 04 - 9
1961 116 2 4

1962 105 - 8
1963 105 1 9

(C I~

1464 123 - 11
1965 129 1 8

1968 126 2 8

14f7 176 2 7

I 18 188 2 1A

Tote'} 1764 12 112

TABLE I.

In-Envelope Ejections
(Post-1968 Ejection Mishap Data)

Year lOtal Fx Sprain/Strain

1961 215 1 20
1970 165 1 15
1971 131 6 11
1972 141 2 7
1973 114 1 9

1974 70 3 13

1915 77 --
1976 73 2 1
1977 82 3 C
1979 66 - 13
1 919 65 f! 9
198w 71 1 11
19N1 61 1 1:.
1982 62 •-13

1983 73 1 9
1984 67 -- 12
1985 31 3 9

1996 58 1 15

1987 52 - a
19NS 5 - -

Tots! 1677 28 204

TABLE Ii.

I-i
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Distribution of In-Envelope Ejectees and Serious
Neck Injuries by Aircraft Model and Seat Type

(Pro-1969 Ejection Log Data)

Aofw ra•-ltlype Stat To1w F. r PR',YR

F.2 sliU 4 - 2
rnusTo 22 -
F9F (2ý4) STD 101 --

FY1_ 40 1 -

Ff-8 (MkZ•) 14 - -
FYI-ST IS -

FgFOT jMkAj) 103IC

IV SO -- 4
F3I1 3TrD 52 -- 4

F3H (M'MS) 35 - 2

A4D RAPFECl '0
A4I ESCAPAC IC-3 125 1 I

FJ(2.4 ) STD 112 - 5
FJ4.) (ftNi) a - 2
F4o S10 1 - -
F0D A•PF5) 10 - -
FSU W 90 1 II

F1U (MPFS) 214 2 I

FIF STO 45 -
FIIF (MIXS) 2
T2J (LS- 1) 50 2 7

AU. IHH I) 39 1 3

TTot I -- --

F-A ( 5]k55 198 I 13

F 4 (M.Il? 12 - S
A-S (MkGRU5) 4It -
A-? (ESCAPAC IC 1, 33 1 1

0V.10 ('W-33) 2

TABLE lil.

Distribution of In-Envelope Ejectees and Serious
Neck injuries by Aircraft Series

(Post-1968 Ejection Mishap Date)

Serite' Aiercaft Total Fx SPR/S;n

A-4 157 1 1/
TA.4 201 5 24
RA-5C 28 3 3
A-S 140 4 13
EA-60 80 - 13
A-7 241 C $8
TA-7 14 - 2
AV-8 3a 1 10
TAV-8 3 - 1
F-4 390 4 39
F-5 3 - -

F-8 100 - 6
F-0 7 - -
F-14 131 1 17
F-i8 15 -5
1-3 23 - 3
T-1A 4 - -

T-2 54 -

TF-gJ 21 1-
OV-10 213 - 5

TA3LE IV.
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Pert~odt kcctlon Mishap Alrcraft Models Appear
in PredgS69 Log

NaO.i 4pWa*ig Pýtd A~pp..n

F-1 M.SM Its, Log Akf (d. In (

P2"1 IN low I flJ47 -1 1W ion

TAB E V. . 9

Pfloc lo ~

5v 10V.

A%4 1959 1987A0 lw N

IV:4- 9 .0, 1, 96F9-191185 9
CV-S 196* - 1970
Pit 196 1957 ~-I MD 9
FW4- IV 1969 T -2 19174-I

A-6~ 1954 A 9-19IV to

A-,? 95 LA1969 1964 C
TA? 1979 - 1We
OV-lj 14 T 1 I9-1St

1973 D~ - 196S

A h- I31 -~ o 4 1984-10
A V-B 1C903 .Vd

1,jj~ 19&5 - ?"

CJ4~~ 4$% I
ýA 105 - 126

TABLE V

PNrid El0.~u jM4y¾'¶' Aircraf Seri,"
1
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MA-2 Restrained Non-Ejectees
with Serious Nock Injuries
(Post-1968 Ejection Mishap onto)

Injuri, SusaiealeJ During Normal Flight Phases
* Ovsatnasd Aircraft in ACM, 111. Seat Occupant 1

9 0 Pullout, Rear Seat Occpant 1
*DAGU, 7.80 1

8 Sto OG Pull"t

*Arrs..~d l anding
*Impacting Helmnet Against Canopy Dining Anesinient 1

Injury Sustained During Flight Related Incident
*Manoal Dallout Follominig IUicontiotled Spin In ) -34C 3

M aniual Bailout. Dascandircj A 3 Series Aicraft 4
*Nose Gear Coliapse Fbtirrtfrg Landing Aboard Carrier 1
*Landing Short of Fhrnway. flose Gear Coliarised I
*Hard I-anding I., Overrun Area 2
*Running Off End of Itonway1
*WhW.. Up 1*011ing 2
*Ditching 2

I nffligfl Engagrorent cf #1 CDP roliowedr 1
by Nose 1-anding Gear Collapse

*Engine Falluro Whilie in 80' Hc% ir, rac Struck 1
HUD Glasa

TAbLE V11.
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jlexion, Extension and Lateral Bending Responses of the Cervical Spine

Jamne 11. McElhaney, Brian J. Doherty, Jacqueline G. Paver,

Barry S. Myers and Linda Grey*

Biomedical Engineeting Department

*Departmerit of Radiology
Duke University, Durham, N.C. 27706

ABSTRACT

The lateral, anterior and posterior passive bending responses of the human cervical spine were inwetigrted using
unembalmed cervical spinal elements obtained from cadavers. Bending stiffness was measured in six modes rangin(, fronr
tension-extension through compression-flexion. A five-axis load cell was ,sed to establish the end conditions. ,'sults
include moment-angle curves, relaxation moduli and the 0ffect of cyclic conditioning on bending sti;fnear. T l,. rid
III ATD neck was also tested and its responses are compared with the human. It was ebserved chat t½ý 1`ybrid Ill
neck was more rate sensitive then the human, that mechanical conditioning significantly chungcd the stilfl en ,f the
human specimens and that changing the end cond:tion from pinned-pinned to fixedt-piruntsc increased the stqffness by a
large factor. The bending stiffness easignificantly influenced by the direction of the bending momeat, the type of cad
restraint, the magnitude of the deformation and the previous deformation history. Th~e sl:hear force produced by tn, end
conditions was an important factor in the applied moment. This shear force rom only chaer.ca the rmoment acting on
the speci-ten but also influences the failure mode. These experiments indicate that Ahen the lhadind, i- eccentric (as
it almost always is), the primary deformation mode is bending, and the mornorut applied t trhe specimnc is strongly
influenced by shear forces and the magnitude of the eccentricity. The axial load is th4erefore a poer irdicator of the type
and magnitude of failure stresses..

MR and CT was used to visualize the damage after loading. When coimarr'cd to the dissection results MR wis
clearly superior to CT in detecting soft tissue and ligamentous injur:wu.

INTRODUCTION

The majority of the studies of the structural properties of the piii,' have invoie..
1 

coinpression. Per'haps the .cflipsl
tuch study was Messerer's work on the mechanical peoperties tf the vertebi ac (2). lip repoirted com aresiui bccakin',
loads ranging from 1.47-2.16 kN for the lower cervical spin,-. B.yuze and Ardran loe,-rld I uoran cdavcric crvicsl spines in
compression and reported forward dislocations with loads of 1.32 1.42 kN (3). Bfow, vY ý, their experiments were dcsiyoedto force the dislocations to occur at a given vertebral leve,. Sances tsted isorsted cadisver cervical spines in cvmpre"vnqn,
tension and shear (4). A quasi-static compression failure was observed at a load o0 0645 kN, and dynistic con,prceseon-
flexion failures were reported at loads ranging froin 1.78-4.45 kN. McElhaney en cd. applied time-varying rompri.oint
loading to unembalmed human cervical spines (5,6). Failures we,ze p.oduced which are seinilar to those observed Clinically
with maximum loads ranging from 1.93-6.b'4 kN. In addition, it was fobyrd that small eccentricities in thc l,;ad axis could
change the buckling mode from posterior to anterior. Panjabi Li iln measured rota•ion and trailviatino of the uppv:
vertebra vs a function of transection of the components isn gie ,rb. .--l -f c ic- i ,,, 7) Seir. : ic i erd sNviil nns
conucated a study of cadaveric cervical spines loaded with a maumaily rperawed hydra: rie lick (8). Tlc:, were able to
duplicate several types of clinically observed injuries, but repozted leah, in 1, rn1n of the hydrsulic pressure. Nushu;tr
et at. studied neck motions arid failure mechanismn on crembalmed cadavcrm due to crown hnpacts; failure loadb ranged
from 3.2 to 10.8 kN (9). They reported that spinal response and damagv were signilicantly in~fluenccd ty the initial
configuraticn'of the spine.

Very few tests have been conducted on longer spinal segments. Fdn-ardo el al. teh.-d lu•rhar spine motion units in
combined loading (10). They found that stiffness o! tire mot;nn unit was nonlisrear and increased with increacing load.
Markolf and Steidel tested human cadaveric tronsacolumbna spire motion units in, flexionr, extensioa, lateral bending,
torsion, and ten-ion (11). They conducted free ribnaiion tests anid reported stifines. sstd damping values for the various
test modes and vertebral levels, Panjabi et al. roeasuoed t re three-dinrcosional stiffness matrix for all levels of the
thoracic spine by measuring all components of deflection of pins: units fo' various loading modes (12). Itoaf loaded
single cervical spinal units in compression, extension, flexior, horizontal ahbtr, and rotation (torsion) (13). lie found
that the intact disc, which failed at approximately 7.14 kN, w.s more r-sistsast to compression than wet vertebrae which
failed at approximately 6.23 kiN. It is his contention that l,- arento,as "upture cannot be causvd by hyperflexion or
hyperextension, hut only by rotation and/or shear forces. v',", e:t al. ptrrormed static teat5 n! L,:iaA.- -
epins! un:it ••().r' Try jo-Viried ioad-deilection data lor ah Inuting modes. Hodgson measured the strain at elected
locations of the cervical vertebras of cadavers under several brLd impact modes (IS). hie concluded that the effects of
off-axis, torsional sand transverse shear are imprc;tant varizc-Ics ;.,A influence tl, axial response. Seenmann compareel the
dynamic responses of the h-inan and Hybrid Ill reck (16). hee r ,mreuded that ibcce was a g.-od match with some bending
modes but a poor onue in othecrs. An extensive review of the li.exatn-e was preented by Snrces 1931 (1)-

A major problem with tests on spinal elements hn !-een the preer nies:r•-r,,esnetrf the fortes and momenLt applied
to the specimen. The experiments reported here r-eed a five-axi r le*d cell in an attempt to better understand the reasonni
for the wide range of compressive failure loads and faih:re mvch'r.isms re'orted ;n the literature.
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'Ib~ME YFI.hS AND) 1'lZJCLIRIEMENJ - Usmrrbalrsed hiruror cervical spir-cs were 'ibtained shortly after

death, sprayed WILL ecalziumr bul'cred4, isotonic saline, sealedi in plarstie blags, frourei airid smorrd at -20'C. (erivital spine

se~scin~cv gttriir indluced thy- base of thle skul, approirmrately two cecitinreters around the foramnen, or CI at the

ar.pcýrio cu~d Pn' C5.. C6, C7,. or Ti at tire inlferior cod. The asunciated ligasnerituus structures were kept intact. X-rays
wiere takes, and reviewed to asses'n sprerrrii integrity. Medical records of dontors were exaaintrerl to ensure thiat the

areciormerro were not ivo
1 

for the:ir ag', g.u aip nd did not show evideceic of seriorus degeneration, spinal disealse, or other
br,,th- relatedl pr,,lezoo tOrra werrld affect tirent vecututrirl resporrnrw.

SI'ECLIfNI'N PREPARATION' - Pirrr to testingF, each specimen wa-r thawed at 20'C for 12 hrours. The pre test

3ncdintri'r p-repiaa a'oi: wart p.-cirsoresi iit an eneviromwnrertal chamrber, which wasi de: igned to present upecirrrrn dehrydration
arrrdI. uteirtrra~v blt-rr floy hustridifrer pumiped ruater vapor into the chamber tn creates aIti humidity environ
rarit. The (:ird seitserue were cleaned, dried, ar-d defistted for casting. The Ispecinren was mounted in aluminsumt cups
wdirr aIT pir veted into fire slpinal ca:Rls it Order to provide a reference bending axis. Uisinig polyester resin, the ends of

tire ilrerr,:rerts wese , Mt in, tire errp, so that tire cups wvere apprr,.Ar'nateiy perprendieular rn tire axes of the end vertebrae
(17)_ Du~ring cardsr;_ thu aluminumsi cupls were cooled iii a Illtwirrg Wate. bath to mnitimize degradation dot to the breat

of polin-im'tastiort.

TEMP INSTRUMENT.AT ION - A Mistreapolir; Test Systems (M'IS) servo-cont rolled hydraulic tenting machine war,
tired tcr conduct tire vasiorts vinrcoe~avtic tests. Tire firt series was axial ecorpression using a spherical washir to striuiirtire
L~tl rr',neritves at itlir e rls. & Ir-a? screw adjustmient at the lower end was used to straighten the lssdritic curve anid align

th a pes ruies (Figure 1).

The second Cures was ta conmbinratios of bending and axial lo~adintg. An eight-channel transducing systemt was used
to treasure, the axial, lateral, and anterior forcco, the feonetusrnand lateral tending moxnerrt-s, the linrear moution

of the rani., anrd the anertlie -notiont of the ptpccinsen ends. Loads and momencrts were rnewrrsrd wit.h a five-axis load cell
arssrrrirl'y. wlrichi mlSw eorrtrn. ter rvirg twit CSE threec-alvis ATI) neck load cells. The mrotiotr of tire specimren ends wan

nrreasrred witht as interiri& era'3XiAl linea.r variable differerntial trurraher rer (lVDT) and two external eritarittual Variable
dil'fercairi! trarfcrrrrrerrrI. (hd'DT). There tranisducers pr.r ided data to estabilish the uroition of the two sprrciurrret ends

frorst dire~ct tmr.-surrenrrrrni of tire tr(tai l~endling angle and cal. ulations f tlre s3recirnetri lerrethi change. The internal LVDT
o a'. used trr alnuiitur the lain irrotiori and hence the displacemrent of the cerris .ritd rrf thre lower trarrisfer lirar. One "eatrital

RVTll wilr used is the pinlied-plotted and fixed-pissed t-tis to track the retatttrn of the uperitreir erl of the lower

transfer bar relatives to ti~e raur, tire secondr estersal IiAD' was rised to the pionner -piurred testy to track thru rotation of

tirt npecneirrt end of the rrppe, trawlser ba.r. Figure 2 is a selteroatic diegrilrn ,rr thet teat apiarartun.

A ligit.i rrtrLosrrsrrrrt arr,] saraysis r ystcrr won deveispedri tilizing & data flogil eonrriotcr. Tire nuilticbzrrnel

urnroczrnco prrtcr-bnseýd rlAta ar tl. intiort system itrrrorrrratel ai- R(,ler ~~e ISG-16 Cirmrtputcrncrsjr~e foe tire dig:tieatiosr

and storage of data Thins !.yseni, ehlicir cirirrists of a lWd chrunel AID boardi, eaterrjal irrstrsrnarrt interface box, anti

LOAD FtAiC .
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Scope Driver software, has a I M|li aggregate sampling rate capabilty with 12 bit r.eo;utiOt and z.;i.es data directly

to a hard disk. In addition. deu~hs the failure tests. flourtAcopic images were recorded on v;deotape.

THE COMBINEID AXIAL LOADING - BENDING TEST APPARATUS - A specially acsigned test jig was de-

veloped to place the speciusen in a state of eccentric axial loading. T1ii resulted in a cumb;ned axial load and bending

moment applied at the ends of the specimen. The appasatus provided adjustable sooment arrm and accommodated

the following six tat uiodes: eompresion-flcaion (CF), tensins-tlexion (TF), eomprresnin-txtension (CE), tension-

extension (TE). conaprc.mion-lateral bending (CL). and teksinn-lateral bending (TL). Two tent cwafigurations were uti-

lized: (1) pinned-pinned end conditions (PP), and (2) fixed-pinned end conditions (FP).

For the pinned-pinned end conditions, the upper transfer bar was atlached via a devis to the load cell assembly,

which was rigidiy mounted to the upper platen of the MNTS. The lower transfer bar was attached via a clevis to the rao.,

of the MTS. The centedine of the specinicn was parallel to, but not coinciden.t with, the line of action of the MTS rata.

"The clevis end of the upper transfer bar was constraitied from translation. The two external RVI)Ts were mounted on

the test apparatus in order to measire the angular diuplaceunent of each transfer arm. In tIhis configuration, the sperinen

was mounted with the superior end attached to the upper transfer ban and the inferior eid attached to the lower tronsfei

bar.

For the fixed-pinned end conditions, the upper clevis and corresponding RVDT were removed. In thin config iration,
the specimen was mounted with the superior end attached to the pivoting lower tracnfec btu and the inferior rnd flxed

to the load cell assembly, which was rigidly mounted to the upper platen of th2 MTS.

A free body diagram of the tert configuration i5 presented in Figure 3. The reference center line of the cpecimen is

the central axis of the spiral foranmen. The moment at the center of the specimen is

MA, ; Po - Ptb,

and the rorment measured by the load cell is

Mu = Ft B.

The moment induced by the shear foice P, was signifeant in the fixed-pirined configuration but waj negligible in the
pinned--pinned configuration. The spparatus had minimal overshoot and vibration below tent freqnencies of 5 I1. Inertial
forces begin to predominatv above 10 lIz, and this is the :urrunt system's upper frequency range.

In this paper, test rates will be described in Hertz. The test period is the reciprocal of the frequency, and th.- time

to peak load is one-half of the teat period. The deformation rate is the maximum deformation in jmgulia or linear units
multiplied by twice the test frequency.

CONSTANT VELOCITY TESTS - Constant velocity tests were conducted on mechanically stabilized opines uwing

triangle wave deforiations at frequencies of 0.01, 0.1, 1.0, 5 liz, and, for soute specimens, 10 Ilz. Thus, the deforswation
rate was varied by a factor of 500-1000.

p.

P,-- C

figure 3. Freebody Diagram for the Fiued-
PFnned Test Configuration.
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Tjpical constant A clocIty moment-angle clirvm ase presented for hunian and Hlybrid Ill cervical spines in the pinned-
pinned and fixed- pinned teat configuration in Figures 4 and 5. All of the curvues aibit a hardening rcponse (increasing
stiffneas) and hy.teresis. The human and Hybrid Ill responses are fundamenttlly different. The Hylbrid Ill showa the
ClassIC !isIear viscuelastic reponse of increasing stiffneu with displacemcnt rate while the human shows little chonge in
stiffness or hysteresi. over the rate r&nge teted. Since these features of hysteresis, relaxation, and stifness Fae not very
sensitive to the rate of strain, simple linear visaco-citic model: woould not be Pppropriate predictors of the time dependent
human s:insal bending reapons ; said the more complh,. Msxwell-Weiclehrt qsmi-lincax model is required (6).

4.0-

3.5-

3.0- 0•,

I 2.5- "0.01 1.k

F- 2.0 ---. 0 i
:z

1 5- 0.01 FIX

1.0-

0.570.5 / PIONEt .PlO,,(U

0 5 10 15 20 25

ANGULAR DEFLECTION (degrees)

Figure 4. Typical Constant Velocity Profile for Huvin
Cervical Spine (Compression-Flexion).
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E 2 0 ---1 0.01 I10
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Figure 5. Typical Constant Velocity Profile for

Hybrid Ill Neckfor, (Compressivn-Flcxion).
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fies , ~ Menu, a N Mr.vs Mean

Uf 29.9 2.6 101 8.1 [0.7 5 509.1 150.8

Yk 41.8 5.6 5 14.8 [1.3 5 600.'1 199.0

UI: 2.8 0. 6 9 795.7 U22. 5

TU 309.0 26. 9 15 10.3 1.2 11 2?2.1 130.8

CL Bt.) 0.6 10 3.1 1.0 17 69B.,9 190.9

TL 254 1 34-6J 5 13.0 1.9 5 442.0 226. 1

a=Stzindsrd [lenistion; Ni = Mlinber oel lest,

Table I shows the stiffniess averaged over four rates for all speeitrnes.s. Three. distinct teats of the ilybrid Ill were
performed so that each value reprenents the meani of 12 tests. Several observations are apparent from this data. First, there
are significant differences between the bending stilluesses of the cadaver cervical spine and the ;lybieid 1l1. -Second, there
are significant differences in the bending stiffness of the cadaver cervical spine in the different modes. Tension-extentsion
was the largest with a stillness of 126 N-rn/Radian, fixed-pinned and 15 N-rn/Radian, pinned-pinined. Coin press ion- latcral

wax the smallest with a stiffnless of 10 N-zn/Radian, fixed-pinned and 2.6 N-rm/Radian pinniel-pinned-

Figure 6 shows a typical response pattern for the human cervical sphne to the various comnined bending and axialI loading modes. Figure 7 shows a typical response pattern for the hlybrid Ill.
Constant velocity testing in axial compressic-s' was also performed on fourteen specimens The average stillns. v per

motion segment was 571 newtons per centimetet. Typical test results; for &L single motion segment ate shown in Figure 8.

FAILURE TESTS - After the battery ofviscuelastic tests was accomplished, a constant, velocity failure test at 0.1 INs
was performed on the bending test specimens. This rate was used so that Hoirotrcopic inages of the spec-imen msotion

exam~ined with magnetic resonance imaging (MRI) and computerized tonsegraphic radiography (CT), then dissected.
Table 2 provideq the maximum moment axial force and shear force applied to the specimen and the bending angle at
which these peiks occurred. The first four teats (IC, 2C, 3C, 4C) were performed in the pinned-pinned mode and
the remainder (6C, 7C) were tested in the fixed-pinned mode. In the pinined-pinned configuration the specimens -ere
very flexible and were able to bend through on average of 45 degrees weithout an unstable dislocation. These specimens
contained C, through Ti and seven intact intervertebral structurer. This is approximately 6.4 degrees per vertebral
level. The shear forc~es were very small.. The axial forces were low enough that tile major stresses were due to the
bending moment. The primrary failure mechanism wan disruption of the int~erapinious ligaments (ligmasentuni nuchae),
the ligasoentornt flavum ansi capsular ligaments. There was also miinor anterior wedging of the middle vertebral bodies
and discs. In the pinned-pinned configuration the moment is maximum in the middle of the apecimen. This may be the
reason that the most frcquent spinal cord mines- leve obsereds citeirall,. is 1- -1anC-8' -0 ()

3-- 3i

tý is

1 2

-3
0-0

-30 0a0 -I 2 0

ANGUJLAR DEFLECTION (d. 9 rsas) ANGUL-AR DEiriECsioti (dassass)

Figure 6. Typical Bendirg Respo'nses Figure 7. Typical Bending, Respontses of
of Hums Csrvlcal Spine. hybrid Ill NeCkforn.



I 5_lJ -l

n 1300

_3/

600u /

- 300-

001

DErLLCT ior ( cmi

*FiYUIrL B. Typical Constant Velocity Axial Load

Response CS-C6 fIlotion Se~gment.

TABLE 2. FAILURE TEST RESULTS.

MAXIMUM' MAXIMUM MAXIMUM ANGLE AT
SPECIMEN AGE/ VERlTEOXUAL MOMENT AXIAL FORCE A-P SHEAR MAX.MOMENT F'AILURE
.NUMISER SEX LEVELS _(N)~ IN) (d.0 CLASSIFICATION

lC I-~ aia p .st .106 I6 niiii-n
ruha,gIiI~ntflnii flonurn.

P.P 62/1, C. - T, 146 192 0 54 torn1 ~Ca-Cy ligarivinturni nochae
2C Iand At c~~lrrlgainrt
P-I' 64/F Ci -T', 875 214 0 57 torn

1 1 inWedgingof C,.C' b'.di,r
3C IIC.-C. ligam~ent..n n.chan

P-P N/A C, -2 T, 01 -. 108 0 31 dreo-L.-ed

I I oZdgisg and broud~rnig of

~ - 117 40 70-C and C'-Cn hnid..,

P-I 77/M C, -- 7T, ______ ________ ____- oed io Nailre

C,-C, %rt. dws di-rpted,
"~ X-C, C, C, C

6C L, capaular ligamernt.
P-F VB/M BO05 -2, 67 ISIS 230 15 pastially dnropted

C-,C£C-Cl

shor,,,,d d-sc and ,edged

bodirs., dilsropteol 0,-, disc

P-F 66/m Bos -, 10.2O 2305 35 22 jlgign"P~neno on sk,w.chd



10.7

In the fixed-pinned configuration much larger axial forces are required to produce the same bending moment be-
cause the shear force produces a counteracting moment. This is reflectec in thi failure mechanisms by supernimposing

compresivcly induced failures (wedging of bodies and discs) to the posterior tensile failures due to bending.

Figure S shows a composiel of the moment angle diagrams for the failure tests. The maximum moment ranged from
3.01 to 14.6 N-m. This large range is probably due to the variation in the size of the specimens. Specimen IC and 7C
had much larger vertebrae than the others as demonstrated by thc CT scans.

In the axial compression mrod- the failure test was performed at a ram velocity of 64 cm/sec.

Table 3 sumarises the type of failure, the maximum load and deflections, and the strain energy or area under the
londing portion of the load-deflection curve failure. Figure 10 shows a representative curve.

The following four failure mechanisms were observed for the axial compression tests.

EXTENSION/COMPRESSION - As the body, discs and facet joints rez'sted the load, the posterior elemrients were
compressed and, as failure of the disc and end plates occurred, the cervical spine extended in a forward buckling mode.
Specimen A80-339 tailed in this way with rupture of the anterior longitudinal ligament and destraction of the anterior

section of the disc between C4 and C5. This occurred with a one centimeter posterior eccentricity.

JEFFERSON FRACTURES - In the clinical literature, the common etiology of a fracture of the atlas is a direct
blow to the top of the head. In these tests, the experime:.tally produced atlas fractures, which were usually bilateral

and symmetrical, involved the anterior and posterior arches. This was probably due to the compressive force driving the

articular condyles outward and bending the archea.
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TABLE 3. AXIAL COIMIPRESSION FAILURE TESTS.

Age CS Max. Max Strain
Sveijene (years) Area Load Deflection Energy
Number Sex Dscsrptisn Failure Mode (em') (N) (cm) (N-cm)

A7T-409 59M B.a.s. to 72 Jeffesos Fr. 5.71 35W0 3.0 7470

A 79-415 374 B.O.S to TI Compression C5 5.98 5340 3.0 12800

A79-419 40F B.O.S. to T2 Compreaion C4&C 425. 4860 3.0 10200

A7G-423 52M B 1).S. to Ti Jefferson Fr. 6.17 4190 3.0 7920

A79-431 4GM B.O.q. to T) Auterior Wedge C5 6.30 4720 3.0 9340

ARO-289 70M P 0 S. to C7 C2 Cracked 5.43 5010 2.- 7950
Retest C2 to C7 Anterior Wedge CC 6040 2.7 10900

AC-•39 62F B O S. to TI Extension Frilute 3.51 1930 4.0 4480

A60-752 62NI B 0.8 tW CC Jefferson Fr. 6.58 3120 3.0 5740

A80-357 46F B O.S t CC, Jefferson Fr. 371 900 2.9 1800

A80-281 41M 1 3BO. to C6 CI&C2 Fractured 5.62 5730 2.5 8520

A80-23•6 77M It 0.3 to C6 CI Fractured 5.77 3650 2.7 6350
C3,4,5 Podtr r

Fused

A8-'384 64F 13 O.S. to C7 C2 Factured 4 38 4060 4 5 12300
Retr3t C3 to C7 Burst (4 and 6840 3 5 15500

Anterior V edge C4&C5

A83-28 44\1 C? to 72 B:,rst Fracture 5 45 5470 4 4 156C00
C3:, r:i&C5

A At.. 2 7 0•" 8. to t:G Burst Fracture 3.28 3000 2 8 5550

"it 0 S ý B.-~ 4;,,1 Su1

BURST FRACTURES - ComminSted vertical fractures through the vertebral body produced fraroentation aC the
eeutrun into a number of large pieces. There were no obvious areas of compressed cancellous bone. Analysis of x-
rays taken before and &'ter each ttst indicated that the specimens that burst were slightly flexed to straight while toe
specimens* that sustained the Jefferson fractures were slightly extended to straight. The burst fracture required lugr
ferre and strain energies than the Jefftrso fra~ctures. The load-deflection diagram cxhibited a characteristic M-shape
or twin peak. Specimen A80-354 showed mltiph tp'|.ez in the first peak which may be related to the multiple fracturing
process.

ANTERIOR WEDGING - The addition of the ntan; teiring mo, ment arra th < 1 cm) using the test fi.t'ure resulted
in compression and fracture of the anterior section of the vertebral body. The addition of a slightly larger mument r.-m
1h ý c.

1 
produced buikling rc.,rward. Pieces of the cortical shell were displaced iii a random pattern. End plate

failure occurred and the intervertebral disc was disrupted. Hiows ei, Sh, amcunt•cr• ....lert led. to the eptcimnen
did not result ir large anterior dislocatior, or rupture of the anterior iuenitudinal ligament. By careful alignment and
adjustment of the slide-positioning device, we were able to prodouce frae-ures similar to those ubsetved ciinically. But,
after fourteen tnts, we had the distinct impression that tone r - two.. uiisueteis afrward or backwa'd, right or left, made
a tremendrur, difference in the outcome. Perhaps, this is t, u'ase.e '.here i-o such a wide range of responses to cervical
spini compression in the relevant literature.

SUMMARY - In the engineering discipliaes, a d&signer starts with a basic building material and shapes it into
a structure with specified load and deformation responses. These load and deformation responses are defined as the
structurol pioperties. The structural properties are determined by the size, shape, configuration and material of which
a structure is compoeed. In con.,ast, the materiel p-ropertite are independent of th- structure or shape of the material
under consideration. Since the human body exists, it exhibits load and defor mation responses which determine ite injury
potential in traumatic environments. Kr,twledge of the properties of the material of which the human body is composed
is useful in so far as it leads to a better undes.-taidiitg of these stuctural properties.

--
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This study demonstrated the complex, time-dependent responses of the human cervical spine and the Ihybrid III
neckform in combined axial and bending deformations. In all test modes (axial co,-npresior,1 tension-extension, tension-
flexion, tension-laterai bending, compression-extension, compesainn-ficxion, compression-lateral bending) there was a
large difference between the responses of spines in the fully equilibrated and mechanically stabilized states. In all
test modes, the time-dependent responses included a significant viscoelastic exponential relaxation. The hysteresis and
stiffness of the human specimens was only weakly dependent on strain rate.

"There was a significant difference between the stiffness of the cadaver cervical spines and the Hybrid hI. This was
expýcted, aince the performance requirements of the Hybrid Ill were based on human volunteer data, and it is considered
to represent a tensed human neck while the cadaver spines have no musculature present (1i). The Hybrid IlI responses
were the typical linear viscoelastic type. That is, a linear differeptiai equation would provide an adequate model. The
behavior of the human cervical spine was more complex, however, and requires a quasi-lineai model (6).

The bending stiffness of the cervical spine was significantly infuenced by the direction of the bending moment, the
types of end restraint, the magnitude of the deformation, and the previous deformation history. After approximately thirty
deformation cycles a mechanieully stabilized state was attained that provided repeatable load-deformation re."ponses. The
tensile modes were consistently stiffer than the compressive modes. This may be due to a shift in the neutral axis toward
the tensile side which pre-tensions slack ligaments and reduces the eccentricity.

Siniole beam theory predicts doubling of the bending stiffness when comparing pinned-pinned and fixed-pinned ends.
These tests showed an increase in stiffness of appriximately eight times. The test apparatus used in these tests (and by
moat other researchers) constiained the pinned end to move in a straight line. This produced a shearing force which,
acting over a relatively long me•-nt arm, stiffened the specimen. This shearing force not only changes the moment
acting on the specimen but also influences the failure mode. Several researchers have tested cerviced specimens without
well controlled and monitored end conditions. Most other works report only the axial load. These experiments indicate
that when the loading is eccentric (as it almost always is), the primary deformation mode is bending; and the mouent
applied to the specimen is strongly influenced by shear forces and the magnitude of the eccentricity. The axial load is
therefose a poor indicator of the type and magnitude of failure strecss.

After failure loading many of the specimena imaged with plain radiographs, computed tomography and 1.5 Tesla
MRI to detect patterns of injury and to determine the efficacy of each imaging modality in detecting spinal injury.

Complete tears, buckling ard stripping, as well as more subtle disruptions of the ligamentum flavum, capsula.T,
anterior and posterior longitudinal ligaments were observed on MR ex!amination. Over 90% of tne ligamentous injuries
were accurately depicted by MR. MR was clearly superior to CT in detecting solt tissue and Jigamentous injuries. Studies
in patients suggest that MR demonstration of these injuries in vive is also feasible.
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A statistical study was made of six head kinematic response -ii \'vs for a set of 57 Iuirnn Anid 29 ."nimai
(rhesus) -X impact acceleration tests conducted .t lie Naval ilodynInici Laboratry. The accelrat;oni levels

rar.ged from six to fifteen g's for humaii and 42 to 106 g'a for aiitcas. The six analyzed r-I orsa inrilided

the X and 7 components of thie linear acteleratioh and dliipiaiemenrt and the 3 axis anigila-] accel'eriAt:oi and
displacement. Each head krinematic response variatle was non-linearly re.4rclssrd oil sled .s:celeratieii pri'fil-

and head orientatiuii parameterl. Regression eq astions for rhesus anti humani kirieintics hind the same
exponer•tial functional fo,'m with correlations ranging from 0.50 to 0.95. Stntisticai nsiasures of goofriess-of-
fit were highly significant.

The results confirm that the rhesus6 head/neck is a good blom--laliiil i) odel for tIe l ainnan. Esxtensiioi
of this apl-roach can lead to the scaling of kiiiaiaiics between humlans tud iiiinihl~s which i-nl he used to

de-elop ar ijury pr'-d,i-tioi .lodel for humans. Put, re applications include re-analysis of areviuts resustlts

on the effects of mass distribution paramieters on heatl/neck dynamitc rsponse.

INTRODUCTION

Airerew injuries sustained during I-morgi'uucy egress arid recovery aire a ubuutiquitous sorce of loss ito

mlitari aviation. The Na.'al flodynaueis Laboratory (NAVPIOIi'NLAIII is studying human' anc rhetsus nuuiukey'
head and neck response to whole-body acceleration to develop preodictive suoui-ls for rict-k iiijiry. These,
mnodels can also be tused to predict the effects of added head mass and shifts in head centel-of-gravity as

produced by head-siounted systems. While husian hi-ad-neck kinematics for the -X victor dLZ'ectlon have
been successfully modelled utilizing a deterministic head-neck linkage model 11,6-10J drven hy aci-elciatuons

at I-1, the first thoracic vertebral body, the lack of rhes-.n 1-1 data precludes the develt, mu-nt of i, similar
animal model. The large database of rliesui kinematic, injury atid pre-unJury data [llt1] collected at tlir-
NAVHIODtYNLAB requires other mieans for scaling human aind rhesus head kinematic responses. Although in
deterministic linkage model is available for the rhesus ktnematics, preliminary results 113] provided evidence

that, except for scale, the underlying stiucture of key human arid rhesus resp-onses is essentially tite sasie.
This pauper extends those results and provides a regressiot model for human ard anin! Sir..... h
sled acceleration r-fles ..and lhcad iit,-1 -sirLtation paraintrite.

METHODOLOGY

(ll Database. The data used in, thiu analysis were a suo set of the lasge amount of human and rhesus
kinematic -Gx data collected over the years at NAVBIODYNLAB. The expc rinuental arid itistrunmetitation details
hase been extensively rn-ported elsewhere (2-5, l1.. tiriefly, the human volunteers Arid animals are

instrumented to measure head disilacemient amud linear end angulatr acceleration. The subjects art, seated
swith full torso restraint and the uoiencutrhbered head Aind nieck are allowed to move frecly. "ahle I cuntitlons

the parametric details for the 57 human sled acceleration profiles and Table 2 the details for the 29 aiinisal
profiles. The identified parameters inc~lude peak sled accelerat'on IPSAI, rate of auceleratioi onýsct 1RO0),

eniltroke sled velocity (ESl.; and the duraticii of peak acceleration (9 0 lJ. Figure I illustrates the time
trace of a human and animal sled acceleration. The sin kinesietic variables studued were the head X and 2
linear displacement MDAK, DAZ respectivelyv and acceleraticn (AAX, AAd) anti 3 angular displsceni-nt lt(llV)
and acceleration IQIIfi. VAX, DA7, AAX, athd AAZ measured the kinematics of the head ariatomical origin with

respect to the sled coordinate system P1113 arid QliR were sieasured with respect to the Y-axis of the head

anatomical coordinate system. An examphle of an original set of dcta is shown ill Figure 2 which is a plot

Thu interpretations anJ olinions in this work are the author's and do not necessarily reflect

the p.olicy arid views of the Navy or other government agencierv.

V2 olunteer subjects were recruited, evaluated, and emniloytrd in accordance with tihe procedures
specified in the Desrrtment of Defense Directive 3216.2 and Secretary of the Nvvy luaut uction 3900.39

Pei lea. These instructions meet or exceed prevailing national and intertational standards for the

protection of hiiman subjects.

The atiimals used iii this work were handled in aere-d.r. - with the prin Ouitllis nuithred irn the
guide for the care and ui-- oi luiaiatuuiy anin~ls (NmIati•rn. listidUtutI of Health Docun,nit No, N14110-23) I
estahltsiud by the Institute of Laboratory Animal Resources, National Research Council, Bethesda, MU.
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of the htman X axis linenr hled dis;la:cnr.iitc (DAx). Figure 3 is a similar plot ci the act f aisimal PAX
data.

Table I Table 11

Vt'MAi SLEI:Di ACCHI IN'108 ANIMAL St.) i, .C•H.J.KPT ON
PARA-METERS WA3 N411ER!

K8 NSA 100 ES V DOP W(6 PSA ROO F.14V 00'
(5/41) (M/A") (mWs) (1,) (t.'

2
)(x1001(a/) (I.)

H3838 61 1370 10.0 118.5 1X1790 830 . 80 26.1 2U.9
I.X3870 61 1356 17.0 11.4 I.X'.791 988 113 28.3 1). 3
I.63872 6O 1344 t.9 121.5 1X4799 10.0 103 29.0 19.2
1.03876 5Q 1328 9.8 119.8 I.548C1 995 134 28.4 20.4
.X3878 61 1395 10.0 118.1 1I.X803 864 99 26.4 22.4

1.3880 61 1328 10.0 118.7 8X4810 545 43 2i.4 25.9
LX1883 80 2023 12.0 113.0 LX.4614 692 65 23.9 23.9
LXM886 80 1990 12.0 114.t 1.X4820 545 42 21.3 2' 01
IX3887 59 1315 9.8 120.2 L04822 833 84 26.2 22.1
LX1890 83 2007 12.0 113.2 T7.130 409 21 18.8 31.1
1.X3894 82 2008 12.1 111.0 LX5147 728 60 21.8 22.5
LX3895 81 2020 12.0 112.2 L15so 411 21 18.,9 31.0
LX3898 82 2023 12.1 114.4 1.8X15! 412 20 18.9 30.5
1 X39011 78 1955 11.9 116.5 LXý1 5I 414 26 19.0 31.8
LX3903 100 2781 13.7 106.7 LX5157 L11 20 168. 28.0
1.43914 100 2675 17.8 10593 1.X5161 732 46 24.8 27.2
[.X3916 101 2705 13.8 104.9 I,45145 744 71 25.3 22 8
1."3918 1(10 2870 14.0 109.3 IX748 570 98 22.0 25.9
L,X1920 121 3837 15.4 101.7 1.X5;70 559 1 22.0 27.8
1.L3921 118 3745 15.1 100.8 I.5772 55t 40 21 9 27.6
LX3924 122 3791 15.4 98.5 LX5774 535 52 22.0 29.A
LX3926 119 3718 15.0 100.8 LX5777 730 54 25.1 2z.3
AI(927 120 3696 15.3 101.2 LX5779 554 43 21.9 28.9

1.03928 101 2727 13.8 105.5 U.15782 733 55 25.1 22.1
1,X3939 121 3737 19.4 99.7 L.8784 730 53 25.0 22.6
LX3940 121 3714 15.4 101.2 LX5786 870 76 27.1 20.5
LX3941 122 3740 15.5 97.7 IX5793 880 79 27.2 20.5
L.X3942 118 3741 15.3 102.2 L(5795 897 75 27.5 19.9
X13946 133 4261 16.2 93.5 LX5'97 889 83 27.5 20.8

LX3948 134 4419 16.1 91.0
19q949 1'3 4359 16.1 92.8
1,"1953 130 4338 16.0 97.2
LX3554 138 4680 16.5 92.9
LX3955 133 4345 16.2 93.7
LX3957 143 4981 16.8 90.9
LX3958 143 6845 1b.9 91.0
LX3059 145 4573 16.8 88.9 50 -

LX3962 138 4646 16.6 93.9 0
LX3963 142 4664 16.7 91.1 0 -.""
"L.3965 143 4830 16.7 89.9 -50
LX3968 140 4793 16.5 92.1 .,-1001"1.3969 151 5356 17.2 88,1 z
"L43970 152 5235 17.3 87,6 9 -150

LX3972 151 5421 17.3 88.9 4 -270 I
"L.3982 153 5305 17.5 88.4 41 -[3983 (ýuMAn)
LX3983 153 5276 17.5 89,1 -250 .LX!135 (RHESUS)
1.13985 100 2858 13.8 106.4 C -300
L.3986 152 5266 17.3 87.1
LX3987 142 4702 16.8 91.7 . -.350

L.X398' 100 2842 13.i 1Oc.5 • -400 V..-
1.8399 '51 5163 17.3 88.9
LX3991 100 2869 13.9 107.4 -450
LX3993 100 2738 13.8 107.1 0000 0050 0.100 (7150 0200 0250

Lx3995 100 2757 13.8 106.4 lIME (SEEC)
LX3997 80 1992 12.1 114.5
LX3998 100 2796 13.1 106.2
LX3999 101 2811 13.9 105.6 Figure 1. Comparison of sled accelerations.
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Fligure 2: Human X axis linear head displace- Figure 3: Rhesus X azis linear head displace-
mants (DAX in the sled coordinate system. ments MAX) ir. the sled coordinate system.

W1 Analysis. The first step in the statistical curve fittIng procedure was to identify the key inde-
pendent variables which form the basis of the regression procedure. The fise variables previously Identified
[1"] were used: the initial linear displacements of the head in the X (I)AX,) and Z ()AZI) directions, the
initial rotation of the head about the head anatomical Y-axis (PUB 1 ), the peak sled acceleration (PSAi and
the endstrol:e sled velocity (ESV). For the non-linear regression computations, the BDUP P3R

4 
program was

used to determine the parameters of an exponential model. For each of the three sets of head displacement
data, two related parametric models were developed. In the first model, each displacement curve DItI was
assumed to Le of the form:

D(t) = pltP2 e-p il

where t is time and pl, p2, and p3 are the unknown parameters cetitiated by the non linear regression
proedure.

These three parameters were then regressed against the five independent vartables using the SMOP P6R
and Pgj4 programs. The results of this regression then further improved by a changing the parameters of
equation (1). This resulted in the final head displacement model of the form:

DM = ql[(l/qs)tell-t/q2lSq3 (2)

where t is time, q, = p1q 2 /'je)i Vi-1 pe-kxim) val(uofxiM),e % m = ee lim to the peak of
the displacement curve, D(t) and q, = p,- Equation (2) iaciiitatea the studyv f thv effects of the independlent
variables on the timing and magnitude of maximum head displacement. Confidence ranges for (2) were also

computed.

RESULTS

The five independent vtliables were sufficient to predict all chosen head displacement data with R
2

values ranging from 0.50 to 0.95. The actual coefficients for equation kl) land by computation, for equation
(2)) are functions of the independent variables DAXI, DAZE, P11Bi, P3A and ESV. Appendix ! lists the matrix
expressions for evaluating these coefficients for the three human and rhesus hea') displacement variables.

Figures 4 - 9 illustrate the roufidence bads for the regression results. Each figure shows the mean
predicted displacement curve and the 95% confidence band. Superimposed on each plot is a sample mýasured
displacement curve, illustrating the gent rally excellent fit. In these figures, displacements are plotted with
respect to the initial head position. The confidence intervals for the rhesus data are greater than those
for the humans, reflecting the grebter variability in the animal data. This (:an be seen by comparing F;gures
2 and 3. Nonetheless, the displacemernt equation (2) provides a powerful tool for modelling both human and
... U.d_• a _L , enA ...... .i , '-er ,-.ndi itnns of -X imnact acceleration.

4t

r4 BDI' Statistical Software, 1985: Nonlinear Regression IP3R), Partial Correlation and Multivariate

Regression (PR), All Possible Subsets Regression (PSE).
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Figure 4: Human X axis linear head displacement Figure 5: hiesus X axis linear hlad displace-
ment
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Figure 6: ll::man Z axis linear head aisplace1ment Figure 7: Rhesus 7 axis linear head displace-
ment
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'Figure 8: Human Y axis angular head displace- Figure 9: Rhesus Y' axis angular head displace-

ment ment

CONCLUSIONS
The results of this study provide an analytical approach to extrapolating human volunteer kinematics

to levels of exposure where injury would be expected, Since the same analytic model (equation (2)i der.ribes

rhesus and human head kinematics, the rhesus is an excellent biomechsnlcal surrogate for the human. Pre-
vious work indicates0 a threshold for rhesus head/neck injury at approximately 600 sis, 111,12,14]. To

determine the equivalent threshold level for humans, the biomechanical properties of the rhesus head (eg.,
mass, cen.~ei-..t-g.-

4 ..... ,.m~en-. 1 must be measured. Once these data are obtained, a transform of rhesus
dynalmic (forces and torques) will provide scaling informaLton enabiling ii,j,,y thrcshc!--1 to be estimated
for humans.

Another important application of these results is to analytically validate anthropomorphic manlikine and

bioniechanical computer models. f he model equation• can be used to check the displacement equations
obtained from these other models over a wide range of g-levels. Similarly, thae same techniques can be
used to analyxe kinematic data obtained fros, helmeted human volunteers. This analysis could help establish

tolerance limits for inertial loading due to the added head mass of helmets and helmet-mounted systems.
Efforts continue at NAVBIODYNLAB to extend the validity of this modelling approach to other acceleration
directions and to directly address the problem of human injury tolerance under a variety of head-loading
conditions,

J-1., •- •.
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The mattix soluLion for parameters to z1redzct linear and angular head displacemenit is of the form;

lq%. qj. q1l aI)AXI, DAZ,. i!i8,. rHHi, ISA, ESV, 1J A7.3 (3)

whert A,.3 is a 7x3 coefficient matrix with ont of the following element *tructures:

DAX - Human DAZ - Human P111 - Human

+I,1784 -0.0881 -0.4068 +2.3642 -0,0276 +0.2631 +6.505t -0.1277 -2.0798"-0.1832 +0.0421 +0.3453 +5.1582 -0.0390 -0,4064i 115.7618 .0,0795 +1.7881
-1.4179 -0.0223 -0.0363( -1.4550 +0.0090 -0.0267 -8.5138 -0.0632 -0.5042

-11.4412 -0.1249 -0.1279 -9.5676 +0.0478 +0.0019 .30.2184 -0.2680 -0.1416
*0.0219 -0.0002 -0.0004 -O.G04'7 +0.0002 +0.0000 -0.0509 +0.0000 -0.0024
-0.4200 -0.0044 +0.0051 +0.0798 -0.0093 -0.0072 .0.5487 -0.0086 #0.0886
+I.3265 +0.0435 -0.9147 -1.0687 +0.1333 +0.8987 -14.4521 -0.0592 -1.5279

DAX - Rhenus DAZ - Rhesut0 PHB - Rhesus

-0.4304 -0.0065 -0.6997 -14.1133 -0.1105 +0.2585 -9.1206 +0.0932 .0.14551
-7,4771 +0.0623 -0.4357 -17.9610 -0.3769 -1.0371 -6.4750 -0.7888 +4.4603
40.0097 -0.00113 -0.0182 -1,6668 +0.0546 +0.0150 +1.5189 +0.0424 -1.4089
1.2212 -0.0053 -0.0608 -A.6750 +0.0539 +0.0020 +2.0188 +0.0787 +0.3927

+0.0067 +0.0000 -0.0000 10.0003 -0.0001 .0.0000 .+0.0025 +0.0001 -0.0014
-0.2528 -0.0036 .0.0043 -0.2560 +0.0058 -0.0079 -0.2000 -0.0067 +0.1167'
+1.5862 ÷0.0794 -0,6929 -4.0467 -0.0213 .0.6862 -7,8397 +0.2920 -1.8726

I
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knlieking in- C0 l dorm;g the first S' of iotatisin. and buckling and bending of C2 3 attd
C3 7 between S' and 45c. In this phase Col shows a relativo retroflexiurt from +S to -8'.



I12-2

I i--i

Fig. I

•N AllN'

A/, 1115 or* ,

Eji,

i5O 100 50 -SC -100 -110

rig. I

Kinematic model, netra& position. Vcntril side is at the left.
B is axis of rotation in the atlanto occipital joint.

TC is centre of mass of tie head and AK point of attachment
of dorsal neck muscles.

So for this stage of anitetloxiun the tollowing algorithms are assumed In the kinematic
model :

S ' r 45*
t, - 8' - 16/37 (f - V') (knickmng on CC1)

a8 1 8/37 (U - 8'l (buckling on C 1 2 )
8v 20/37 (F - 8') (bending on C2 3)
ti -25/37,(P -8') (bending on C 3 7 )

CE = OE I 1 hi - B-)
37

For extension movemenit, lateral flexion and axial rotation similar algorithms arc
introduced.

- -----------

isi iSO aii -5 -•iS -isai

Fig. 2
Forward bending in the mcdel. The first 8V from neutral position,

the head knicks in C0 1 . The next phase between 8' and 43'
knicking of the head, buckling of the atlas and bending

of the lower cervical spine occur.



2.2 liee body diagrams

The nuxt step in biomuchanical modelling is the irtroduction of forces raiscd by
"'us c le,6 Filet tile muscles ate selected tha t are s'upposed to contribute most to t he
stabill " at I on0f he0ad and neck. Next or Igcj and insertion of each muscle had to be

es.•isated,, b'ased oil anatomy text books and anthropomtettic literature. )n Fig. 3 the
free bued diagram oi the head is giver., where FTRR and FTRL are the line oi action of
respe-ctivevly the light and the left trapezius muscle. 'the letters FSCML and I'SCMR stand
for left end light sturnocleidomastoidius muscle. FRC is the Jr. rectus capitus presented
hexle by one line of acti eo attachlng the fr-ontal side of the arc of the atlas, The origo
is located on tie pars basila'lnr, point PB.
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'AA

"'J• Fig. 3SFree '.ody diagiram of 6'.P head.

Tile dotted lines represent lines of action of Puncles.

Cumpa,ala)I- witli the free oody diagran: of Fig. 3 a separate diaqrar, i.r mad, for the atlas
ajid f•or thi" lower cervical spinc-. With regard to thc equilibrium of the atlas, special
attention* is paid to tht. force in the ligumentum tranaver-ýun atlantis, AsSshown in
Fig. 4 in forward bend poslltiOn: the force betweenl dens and ligai,,ent (PT) can becomec

coilsiduiabl,- In• upright poiitiuli this force is almost absent.

Based or. the fieu bj.dy 6lagiams indic-ated above, Fig. 5 ib tile result of the- calculation
of "quilibri,iml of momncrts and forces when the lie-d is in neutral position. Heare the
input parameter is the weight of the head being ca. 4S 14. From the calculation of the

qgil briuml Of the heac tre muscie juiceý -nd Lh•. %L.L.1 uto. fc,-'ct 'ic.th atlantc

Fig. 4
Foreo FT in the ligamentum transversum atlantis arising

from pressure of the dens, preventin~g sheari.ng of atlas on axis.

"n

.; .A I . .l-. :'
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Fig, 5
Forcu s in muscles and joints when the, head is in neutral po.sitlon.

FN is tile joint reaction force in the atlanto oceji/iLal joint.
FK in C23 and FR in C7Tl.

The joint reaction forces are in the sagittal plane, the muscle forces are not.

occipital Doint are derived. Next the eguililirii.a of the atlas is calculated with the.
atlanto occipital joint reaction force calculated -arlier as an input parameter. The
same procedure followed for tile lower ceivical spine. Due to the number of muscle faorce
the static mudl Ias over-determIncd. Therefore a basic ptirimalisaltion algorithm is used
by which three muIscle groups are sel.ccted for every link leading to the smallest joint
reactlon force (bone contact force) .
Starting from rig. 5 calculat-ions can be performed for flexion, extension, lateroflexion,
torsion and combinations of these different rotations. As an eyample in Fig. OA the
joint reaction forces are calcalated for the iaximal excursion in axial rotation and in
Fig. 611 a pnot of some muscle fotceE is g~vcn.
A sensitivity analysis has been executed to determine snich parameters influencc the
results most. In the neutral position and the extreme positions all param !tcr5 have Leen
varied one after the other up to a deviation of 106. Those parameters are undeistood to
fLe critical when the influcnce in the results became qreatez than ± 10% As expected it
appeared that geometry in neutra1l position showed most influence. With the parameter 40
tile toint reaction force FT showed a deviation up to 25%. This force snowed a deviat ic
of 60% when to all parameters a deviation of 10% was given. So the sensitivity of the•
model lee geometric data is fairly great, erphasizing the inportance of icxeibl-
anthropometric data.
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iF - F - I TiCr•t.k.:.--•
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-IIT -Ii 9J. - iU -3- -- • •, X 7

A fig. 6

A: Relation between joint reaction forces and axial rotation.
B: Relation between muscle forces and axial rotation.

F in N, gamuna itn degrees.

3. METIIuDS ANRI N7/TERIALS
Measurements -- e executed wa h one pilot performing a iumber of normal flight operatilns

with an iiistiumenteu "--iti. - or doetersiias:i.,a t- o-, -- --h h _ - -ri- - - l. -tthe standard F-iC video camera was turned 180'. on the helmet and the shoulders markers

were fixed allowing for three-dimensional reconstruction of position. To determine the
direction and the magnitude of the acceleration vector acting on the head three
aceeleronoeters were located 0-i the helmet in a perpendicular coordi,.ate system. Dats
acquisition and calculations s"r executed by the Dutch National Aeiospace Laboratory.
The inac,:uracy of the head posncioa angles obtained by the method described is e-stimated
on 3-4'. The accuracy of the accelerometers is approximately 0.2 m/s

2
.

Four flignts wore performed with a pilot of average posture. rtom these flights 330
situations were randomly selected and analysed.
Figure 7 gives the spectrum of the vertical acceleration A2 - It appears that the value
of --G. remains below 2 +Gz during 49% of the total time of the flight. During 5% of the
time values of 7-9 *i1, appear.
With respect to the four flights all analysis is made r'egarding the question whether
relations exist between differeht parameters.

•. - .. •. . -, ,,; ...
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Fig. 7
Frequency distribution ot Az durii.g four flights.

-G, values below 2 sG., during 49% of the time.
Above 7 +Gz during 5% of the time.

Summarizing the following can be mentioned:
- Wheen the vertical acceleratxon (A 2 ) increases (in a curve) the acceleration in

forward-backward direction increases too (braking) approximately according to
A, = -0.12 A2 (ml/S2).

- When Az increases, axial rotation with great excursion coupled to lateroflexion in the
direction of rotation (looking backward in air combat simulation) occurs relatively
more often, approximately according to e r 0.25 y. This finding may be a support for
the bionechanical model introduced, because this relation appro::imately corresponds
w'ith the minimal forces as calculated with the help of the model (the "valley" in
Fig. 8).

Ica a

SAA
-- 0 -)a

Fig. 8
Forces in the atlanto occipital 3oint as calculated it, rulatiorn to

values of la~eroflexion (a) and axial rotation (v).
The "valley" indicates the region of minimal forces.

4. RUSULTS

In Fig. 9 calculrtions bared on the observed neutral position of the head and neck while
flying straight forward or in a moderate curve and looking forward is given. here the
weight of the helnut (GH C 18 N) is added. Comparison with Fig. 3 shows a steeper
position of the lower cervical spine and forces in the same order of magnitude.
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Forces calculated for the F-16 neutral pusition.
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Fig. 10
The cervical spine under high +Gz-load (6 sGzl)

Combination of axial rotation aid moderate forward and laterotlexion.

Furthermore thu following two situations, which often occur and can be considered quite
heavy, are selected. Figure 10 illustrates situations in the interval between 5 and
7 +G7 with reasonable great axial rotations (f - 63') with moderate lateroflexion
(, = 16.) and forward flexion (P = 18l). Due to the high value of 1G7 (6 +Gz) the load by
head and helmet weight is. increased to 377 N and with Ax = 7 ms

2 
the joint reaction

forces and muscle forces become considerabhc. based on data concerning the forces that
can be sustained by muscles during a certain period of time it can be concluded from
these figures that this posture can be taken on11 10 to 30 seconds approximately without
doscomlort, i.,e. by persons without special trainilop.
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Flg. 11
Adjusting the aircraft computer in forward flexior.

A long duration makes this posture uncomafortable.

In Fig. 11 a less extreme situation is presented. Filets, however, experif:nce this
posture being uncomfortable because it concerns the adjustment of the aircraft computer
in forward flexion during a longer period of time (up to 15 minutes). The calculat ions
indicate that, for inoi-ar- *e S H e -n1f- tr -lo e i n ZI;L' c ¶FTS'-L - 4C ',I N
Fag. 11) can only be sustained approximately 10 minutes without fatigue.
In Table I, a comparison of the load situations described is made with respect to the
neutral position by dividing the loads calculated by the values corresponding with the
neutral position without helmet (situation 0)l Case 3 is added with a position similar
to case 2. However, the forces a'e groater because of Ax = 10 m/s

2 
and Az = 0 4Gz.

Separately a number of loading situations has also been calculated without the weight of
the helmet. In average, it appeared that addition of the weight of a helmet increases
the joint reaction forces with a factor 1.3. This contributioi even increases with the
addition of helmet mounted devices. To investigate the influence of the latter, a mass
of 0.58 kg was introduced in She model. Furthermore the effect of different locations of
this extra mass on the forces in the neck was calculated.
1P. Fig. 12 the results are summarized. Az is *Gz and Ax is 1 mn/s

2
. In the diagrams for

lateroflexion (Fig. 12A), flexion and extension (Fig. 12B) and axial rotation (Fig. 12C0
index 1 indicates the F-16 flight situation. With index 2 the loads increase by addition
of the helmet mounted device. The lines with index 3 are found when an additional

................................................................- .- . -I
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situation 'head" load rN FK FR FT

0 415 7 0 68 130 ýl]4o ':" - I '." I a 0( l;,- ,
1 1.49 1.34 I1.31 I1.00 2.18

2 0.47 10.49 13.74 15.29 13(411l.29 14.•16 19.10 20•.95! 27.09
31.4 2 .6 3.40 3.'17 2.64

I-II-

Table 1
Joint reaction forces divided by those calculated in the neutral

poci1tion without thel met (0).
I i neutral position in F-16; 2 f Fig. 10;

3 = po sition comparable with Fig. 10; 4 = Fig. ii.

count~erweight of 0.44 keg mass is add~ed at the dorsal side of the helmet, -3 tested by a
pilot. Finrally,ýr dex .1 is found by corputer sinulaticn of a helmet of only 0.8 kg mass

and a cei:tre of mass as far beh3nd axis L as it is in front of this axis it, Fig. 9. 1'rom
the re_•ults it -ay be concluded that notwithstanding an increased mass of 0.44 kg the
additio., of this ocnrtexweight it, an appropriate place positively influences the load oti

the cerv i caI spine, epecially :n axial rotation. However, in reality Lvory addition of
mass should be avoided it possible.

Pl- of F•nd FR ALMA Po of F'sn F-d US BTA
Soo

606
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.i 4 .. . ...
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Fig. 12

Eff(.ct os helmet and 'relmet mounted devices on atlanto occipital joint
reoction force FN and joint force CsTI.

1: neutral F-16. 2: addition of helmt meunted d:'rue.
3: addition of counterweight. 4: light heliec (0.8 kg)

with b'ockward location of centre of gravity

5. CONCLUSIONS

When drawing conclusi-os it mast be euphasiized that the model is a simplification of
reality and thit reliable anthropometric data hardly exist. Although it is difficult to
Verify the model wit): respect to demonstration of real existing forces, we could obtain
indications that the order of rmagnitude ýr correct. So tile approach followed leads to
results, be it inaccurate. Tile most reliable conclusions sayl be draw:: with respect to the
comiparison of different situations. So emphasizing on the resorved use of the results of
this study it may be concluded that;
at W'tlr inrrnni,. (A-,= nni -. , ! *t..- - ! .

iricro-ases, indicating that the aircraft ducuclratus.
b) With low values of *Gz a neutral position occurs jr slight ext,.nsion while with

increasing 4G,, this turns tn slight flexio.. With hibh *G, accel rations the pilot
seldom looks upward while relatively often groat axial roLations occur when looking
backward over the shoulders.

c) A relation is found between the lateroflexion of the head (a) and its axi -  rotation
(f) according to: a m 0.25 y. This relation measured during flr-ght corresponds with
minimum values as calculated for joint reactio, forcEsF in the biomechanical model.

t) The mass of the helmet is bJs in proportion to the ma s of the head lealing to
forces in the neck being 1.3 up to 1.5 greater.

e) The position in the scat of the r-lf aeer's to be favousaLle because it decreases the
lordosis of the cervical spinr and as such the forces in the lower neck.

f) The combination of posture arid high G-load can mo.ltipty the load i:, the atlanto
* occipital joint 14 times. In the lower cervical area t'os muitiplying factor can be 21,

. , . ., ' .

• . -. :, • 4 -.-.• ..... ,.



occurring when under high G-load the head is rotatrd extremely.
g) Addition of an extra counterweight on the helmet to balance the influence of a helmet

mounted device can decrease the load on tle cervical spine, even if the total mass
Ancr is by doing so. Improvemeot of the position of the mass centre of gravity of
heir. Ind helmet mounted devices carn lower the load on the spine.
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SUMMARY

An Investigation is described uhich addresses the inertial loading effects of Head
Mounted Devicej (0MD) on aviator head-neck-spine dynamic response during high +GZ acceleration
exposure. The primary objectives or this study were to develop a methodology which could
be used to establish limits on HM0 inertial properties ard to apply this methodology to tile
evaluation of the severity of týe internal loads -- occurring In the reck and upper spine
-- associated with certnin specific MMD ensembles. This paper describes how the Head-Spine
Modet (HSM), a highly discretized, 3-D mathematical representation of the human head-spine-
torso str,'itIure, was used to: I establish a set of baseline response criteria (BRC); 2)
establish a preliminary methodology for setting limits on :MD inertial properties; and 3)
evaluate the severity of the loading associated with possible chemical defense (CD) ensembles.

INTRODUCTION

The investigation described in this paper was part of a more encompassing program
which is being conducted at the Harry G. Armstrong Aerospace Medical Research Laboratory
(AAMPIL) located at Wright-Patterson Air Force Base, Ohio. This program, has as Its over-all
goals the neveloment of design guidelines for limiting the inertial properties of HMO for
various dynamic environments and the estahllshment and isplementation of methodologies that
will provise accurate measurements of the inertial properties and evaluations of the inertial
loading severities associated with existing or planned HMD. Motivation for this program
stems from the increasing emphasis on the use of the aviator's head and/or helmet as platforms
for protective and/or performance enhancement equipment such as chemical defense gear or
night vision enhancement systems.

While such equinment indeed increases orewmember protection and enhances performance,
organizations within the United States Air Force, Navy and Army are nonetheless concerned
about the potentially adverse effects associated with HMD (1). These adverse effects arise
from the c.g. (center of gravityl shifts, usually anteriorly, and increased loading, on the
neck and upper spine, produced 11 HMD. They include excessive helmet motion relotive to
the head, neck muscle fatigue and, in high G environmants, a potentially significant increase
in the likelihood of severn in

1
u nr to the nccl an- ,[ppv sHine. uesigners of lIMP arc

endravorir., to minimi;.r these ystems' weights and e.g. distanoes from the head c.g. (see
e.g., (2)). They are havsing to do so, however, without the aid of' well established
quantitative guidelines based on, e.g., neck and upper spine lead limitations.

AAMRL's Program, which seeks to establish much quantitative guidelines, has involved
both analytical and experimental aspects. The experimental work has considered the
measurement of the inertia) properties -- mass, Inertia tensor and e.g. location -- of
specific HMD, using an automated "mass properties measurement system", and the cunducting of
a series of 4GZ impact tests on AAMRL's six inch "HYGE" vertical impect facility. The
impact tests focunsed on a Hybrid Ill manikin head-neck structure plus live specific helmet
plus mask combinations, four of which represent possible CD configurations. Tee analytical
investigation, which is emphasized in this paper, used the Head-Spine Model (HSM), a highly
dlscretized, 3-P mathematical representation of the human head-spine-torso structure, to.
1) establish a set of baseline response criteria (NRC); 2) establith preliminary guidelines
for limiting PMD inertial propertles; and 1) evaluate the severity -af the Inertial loading
associated with the five helmet plus mask configurations.

The experimental portions of AAM4R' program, al-on. t..i.e .. ivii.a. investigation,

are discussed In detail in AAMRL-'R-8O-04i (1). Some aspects of this program have also
been described in references (4) and (9).

MODEL DESCRIPTION

The HSM is a three-dimensional mathematical model describing the mechanical behavior,
in terms of system kinematics and internal loads, of the human head-spine-torso structure.
Its fully three-dimensional formulation is just one of the features which significantly
distinguishes it from earlier such models. The HSM consists of two distinct components:
a general purpose computer program for the dynamic analysis of three-dimensional structures;
and a data base containing inertial, matarial, geometric and connectivity data describing
the head-splne-torso structure Ps well as other information descriptive of the specific
problem and output to be generated. The HEM has been described previously by Belytschko, et

e t
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al. (0), Belytschko and PrIvItzer (7I, PoivItmer and Telyt.sehko (81, and Pr.iVtzer (91,
thus, only a very brief description will be given here.

Figurs I depicts mid-smgittal (X-Z) and frontal (Y-Z) olane views and also an oblique

view of the Initial HSM amometrv. These computer granhies generatcd plots show only those
compolents of the model whose loca geometries are treated as constant.: the hlead, pelvis,
the vertebrae of the cervical and thoraeolumhar (TI) spines and the elements of the rib
cage. None of the deformable elements rcpresenting connective tissues are shown. This is
actually the most complex (in terms of the number oC degrees uf freedoml version of the HSM
and, in the interest or compuitational erficiencv, is rarely used for studles involvina large
numbers of simulations.

The version of the 11SM used for the study reported herein, models the neok with two
parallel 3-D beam elements. One of these beam elements 1-s nonilnear viseoieltac Axia)
load-drcormation bebavlor and lnear viscoelastie bending hehavior and is used to represent
the cervical spine. The other neck beam element has only nonllnear tending bnhavi(.r, i.e.,
it provides no resistance to purely axial deformations, and is used to account foe the
nonlinear stiffeninr effects of the soft tissue under large oick bending deformations. This
element is nlso used to acnount for chln-chest contact under larve neck bendiong deformations.
The secondary loading path and nonlinear stiffening effects of the vlsceera-ahdominal wall-
diaphragm-rib cage system are accounted for with a column of nonlinear bending elements
which roughlv parallels the spinal column. These elements Interconnect the e.g.'s of the
torso segments and develop significant hending resistance only in the case of larýe relative
rotations between adjacent segments.

The iSM's geometry is defined by the global coordinates of points Identified as primary
and secondary nodes and by triads of unit vectors gKving the orientations of the rigid
bodies. The primary nones correspond to the c.F.s of rigid budies 0 nd also serac as the
orlgins of the local coordinates attached to the rigid bodies and coinciding with their
principal axes of Inertia. Inertial properties are specIfied in tyrms of each body's mass
and principal mass moments of inertia. The secondarv nodes define snme local geometelc
features, such as vertebral geometries, and serve primarily as attachment points for the
deforrable elements representing the varlots connective tissues. The deformahle elements
of the [113M version employed in this study Inel ide bean elements u3sed, e.g. , to model the
intervertebral discs and soring elemer's used, e.-g. to model the spinal ligamerts. Deformable
element equlilibrium equations are given by:

axial forces --

Pa

torsional moments --

Mx, j GIOx f 5  2)

bending moments --

f 1 F+ o - 1q 4 ÷ , (e + +p p

and shear loads --

yi/ . OZi- I . -fyi
t

fz M --- i I- Mv f;J .- J,
L

All quantities In equations (1) through (0) are defined with respect to local element
eoordinaLteyens c :htch ýre raferred to as rigid-conveeted systems since they are attached
to the elements and move w~th thee. through space. I aud i rofTr to the endpoInts or nodes of
an element. In equation (i);

Sis directed along the length of the element from node I to J,
x = axial stiffness (can be nonlinear),

8 deformation,

Sdeformation rate,

Ja8  fraction critical damping,

oi = global axial circular frequency to be damped.

-. . . .-.
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In equation (2)1

0 = shear modulus,
J 2 polar moment of inertia of the cross-sectLional area,

L = element length,
exji = OxJ - el m torsional deformation.

In equation (3);

o refers to either the y or z axes,

k, : bending stiffness (can be nonlincar),

Pql' Oqj bending deformations,

l = bending deformation rates,

P, : fraction critical damping,

0b :global bending circular frequency to he damped,

q = shear deformation parameter,

E 2 modulms of elasticity,

Iq z second moment of the cross-sectional area about q,

Aq = area effective in shear.

Material nonlinearities are incorporated by defining kx and kq to be nonlinear functions
of deformations.

In addition to the deformable elements representing the internal connccttve tissues,
a system of sprlnR elements is used to model a restraint system and viseoclastic surfaces
are used to represent interaction surfaces such as an ejection seatback. The experimental
and analytical bases for the selection of the HaM geometry and Inertial and material
properties are described in detail in references (6), (7), and (10) through (I1).

The HSM computer program uses an exclicit scheme for the numerical time integration
of the nonlinear equations of motion for model kinematics, the approach used requires no
matrix Inversions. All element quantities Rre computed at the element level, i.e., with
respect to the rigid-conveoted coordinates, xk. After the element by element computations
have determined the eleeqnt nodal loads, they are transformed and assembled into a global
irternal force array. Fmnt (defined in the global coordinates, Xk) and into internal mnment

a arays, 9i.1t (the component* of which sre defined with r-nect. to the vareinOu body systems,
5k), correspording to each primary node (rigid body), T. The components of Fin are then used
in the computateons for translational kinematics via Newton's Second Law while the components
of the MIHn are used in the computations for rotational kinematics via Euler's Equations
of Motion for each rigid body. The procedure is describeJ in detail by Belytschko, et al.,.( 4)

Spinal Injury Function and Neck Injury Parameter

The PSM has a spinal injury prediction capability, referred to as the Spinal Injury
Function (SIF), which addresses the predominant ejection acceleration as well as general
vsrtical Impact acceleration Induced spinal injury mode; vertebral body compressive failureresulting from combined axial compression and bending loads. I1 is given by:

°-11 1 p m. >I
where V = vertebral level of the thoracolumbar (TL) spine; !, M, and H,, are simulation
computed instantaneous equilibrium values of the compressive load and the local ihlaer'; -itu
AP bending moments, respectivelv; and 1`0 MxH and My' are the corresponding failure levels.
The P* are based on rate dependent axial compression load-deformation data (to failure)
(15) and (16). The corresponding data for the Mx' and M ' were found to be insufficient.
These were thus derived from the P' through the use of relationships based on assumptions
on vertebral body geometry and naterial distribution (3). The SIF, as given by equation
15), represents the ratio of extreme fiber compressive stress to a failure or limiting
value. Thus, assuming that the compressive limiting stresses are normally distributed, a
value of Sir a 1 at any vertebral level V of the TL spine is taken to correspond to a 50%
likelihood of vertebral body compressive failure due to combined axial compression and
bending at that level.
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A Neck Injury Parameter (NIP) was developed, as part of this Investigation, to provide
an injury prediction feature for the neck similar to the SIF for the TL spine, The NIP is
given by:

where

M WMr Mv
t  

my V my, My
t

2 2

MX and M refer to local lateral and A-P bending moments respectively, and the superoripts I
and j refer to nodes I and j of the neck beam element and correspond to the CT-TI and Head-
CI junctures, respectively. As Is the case for the SIP, the P, Mxavy and M avg in equation
(6) refer to simulation computed instantaneous equilibrium values of the Xompressive load
and the local lateral and A-P bending moments while the pI and MN are the corresponding
failure levels. Because of the approximatelv elliptical oross-sectlonl geometry of the
vettebral bodies, the lateral and A-P limit bending momenta for the SIP are not equal -- the
lateral limit bending moments are generally larger than the A-P limit bending moments since
the lateral vertebral body diameter 1s typically lsrger than the A-P diameter. For the
NIP, however, it was isaumed that the lateral and A-P limit bending moments are equal. Figure
2 shows the limit loads for the SIP and fN plotted versus vertebral level (L5 through TI) for
the SIF and a single point (corresponding roughly to the middle of the cervical spine) for
the neck. Note that the limit loads for the neck were extrapolated from those for the TL spine.

Validation of the HSM has been pursued at AAMRL for a number 01 years (171. It has
involved comparisons of model predictions with data obtained from experimental programs and
also spinal compressive injury statistics compiled from operational ejection data. HSM
dynamic response predictions have been found to compare well with data obtained from
experiment3 with human volunteers ((7). (8), and (18)). Comparisons of HSM-SIF predictions
with operational ejection injury statistics appear to be reasonable with respect to both
predicted injurious acceleration profiles and spinal injury locations. Note again that the
vertebral body axial comipression failure levels used by the SIF, i.e., the P* in Equation
(5) are based directly on data obtained from rate dependent axial compression load-deformation
experiments with human vertebral bodies.

APPROACH

Our approach to the analytical study began with the use of the [ISM to establish a set
of limiting or baseline response criteria (aRC). These were HSM neck and spinal response
predictions from a simulption with a modarate risk + uz half-sine acceleration exposure.
Following this, HSM ejection simulations were run for different configurations of generic
encumbering devices (point masses). Guidelines for setting limits on encumbrance mass and
location were then established by comparing HSM neck and sninal response predictions from
these simulations to the aRC. Finally, a series of HSM ejection simulations was run for
the specific helmet and mask combinations considered in the experimental part of the program.
The performances of these enseables were evaluated against the HSM established guidelines.

Baseline Response Criteria

The response parameters of primary concern in this study were the NIP for the neck end
the SIP foi ti- TL spine. Thus, in order to quantify the inertial loading effects of HMD,
we required a set of limiting or baseline response criterJa (ORC) for these parameters.
Ideally, such criteria should be based directly on appropriate experimentally measured data.
For the lower TL spine, some such data do indeed exist, e.g., those on which the Ps in
equation (5) are based. As already mentioned, however, nimflar such data for the TL spine
limit bending moments, Mx' and M s were insufficient. This was also true for any such data
for the cervical spine. Note &hat what we dssired for the cervical spine were limiting
compression loads and bending moments at specific locations, such as specific cervical
vertebrae, not limiting loads dedniced from experiments with human volunteers or cadavers.

Because of this lack of appropriate experimental data, it was decided to base the aRC
on the 11SM's response o0 a moderately severe whole body + GZ acoceeration exposure. The
specific profile is a 17G peak, 300 ms duration half-sine prescribed to act at the HSM
pelvis c.g. end the seatback. This moderate riak exposure is based on the whole body
accoleration tolerance criteria established by AAMRL for the Aerospace Medical Division's
CREST (Crew Evcape Systems Technologies) Program (19). The term moderate risk implies a
5% probability of spinal injury. Figure 3 shows the NIP and SIF as well as the ratios P/P'
and M/H' from the HSM baseline simulation, i.e. the HSM predicted response (in terms of
sp-Ic) ca to-l-• the aueraLe risk *G, hair-sina exposure. Note that only one bending
moment ratio is plotted for the TL spine since the response for this simulation was symmetric
about the mid-sagittal (X-Z) plane. Thus the M/MN for the TL spine r-fer to A-P bending. The
fN and SIF given in Figure 3 are the SRC.

Ejection Simulations with Generic Encumbrances

Following the establishment of the aRC, an extensive matrix of ejection simualations

was run in which generic encumbrances, i.e., point masses of 1, 2 and 3 kg, were located at
8 different Points on the surrace of the helmet (see Table 1). The simulations plus the

nomenclature used to identify them are listed in Table 2. Note that while Tables 1 and d

".s"Fri
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include both symmetric anid asvmmetri2 configurations, only the symmetric cases are discussed
in this paper. All of the simulations, including tho 1/G, '00 ms half-sine exposure included
the effects of a generic helmet having a mass of 1 kg, principal mass moments of inertia of 100
kg-cmý and with its e.g. assumed to be coincident with that of the head. The helmeL was
also assumed to move with the head thus its Ine-tial properties were added diroctlv to these
of the head. Similarlv, the point masses were also assumed to move with the head/helmet,
this the inertial properties of a heal/helmet/point sass system were calculated with respect
to the shiftvd e.g. of the entire system.

Table 1 Table 2
COORDINATES OF POINT MASS LOCATIONS IN NOMENCLATURE FOR EJECTION SIMULATIONS

HEAD/HELMET LOCAL SYSTEM WITH GENERIC ENCUMBRANCES

4 POINT

5 3 IC MASS DEFINITION
LOC

2 POINT COORDINATES IN HEAD B.- BASELINE. GENERIC HELMET

MASS HEIMIT LOAL SYSfEM f-I AGH - ACES II. GENERIC HELMET

PT I LOCATION X v 1 2 CGI.2& 3 I 1.2 & 3k6 * EAIIIIELMET IEIH/ C G.

1A . .. Al 2 . 32k2* ,k6OI ANTERIORPT.

2 12 o a ASI,2& 3 3 1.2 & USII eFUN ANTERIOR SUPERIOR PT.
'2,* 5 v 12145 E1,2 1 3 4 1. 2 & 3 ho u HM SUPERIOR FT

d o 12 A5512"314 3151 55.I.I6&2155 *HIHANTERIGR
-12,J3 o 17, 4, SRS .ERIOR .. OSTEIIIORI. PEI IOR PT -

6 2110Ahl, 2. A * 1.a & IS 3 1,9 HI ANTERIOR RIGH-T PT_

-121/ TV/I 155&.3 7 1.s2A ikeI4I, IHRIGHT.SLJPERIORPFT
ARS1.2z& 3 S 1.21 2&qVk5Ha ANTIRIORRIGHT

SE TI 1-1241• tI [SUPERIOR PT

The ejection acceleration exposure chosen for these simulations was a nominal ACES
11 catapult plus rocket acceleration profile with a 12 G peak and a time to peak of 140 ms
(20). The 1" G, 300 me half-sine and the ACES II acoeleration profiles are plotted In Figure
4. The 1ien head-neck ranges of motion are similar for both exposures. In fact, the primary
criteria for the selection of the baseline exposure were 1) that It be moderats rtsk, 2) that
it be representative of experlaientally atrainable exposures and 3) that it produce a head-
neck range of motion similar to that associated with the nominal ACES It profile.

Figure 5 compares the HIM predicted head - neck - TL spine kinelbatic responses from
sim-lations P0Gi, A5H and AS3 (see Table 2 for simulation nomenclature). Shown are mid-
samittal (X-Z) plane configurations at 150, 200 and 250 ms. These configurations are
representative of the range of kinematic responses associated with all of the symmetric
simulations. Only thoie components of the model whose local geometries remain constant are
plotted by the HNM's plotting software. Thus, in this case, the head or the
head/helmet/encumbrance system, the pelvis and the vertebrae of the TL spine are plotted
while tile deformable elements of the TL spine Rid the neck beams are not. A reasonable
estimate, of the deformed geometry of the beam element representing the cervical spine can,
however, te obtainrd from the kinematics of the he.s (or head/hel]mt/cnreimhraneo system) and
TI -- hence the dashed curve approximating the deformed geometry of this element in the 200
mIs onfigurations. Kinematically speaking (and also qualitatively), it is quite apparent
that the AGH response is less severe than the BGH response, while the AS3 response is more
severe. Figure 6 compares head mid-sagittal plane rotations from slmuIlIatlons BPH, AGH amd
ASS while Figure 7 compares Ti rotation time histories. The BIH and AGH responses are quite
similar except for the higher magnitude of the RGH head and Ti rotations resulting from the
higher peak acceleration of the 170, 300 ma half-sine exposure.

Election Simulations with Specific 14MD

Following the completion of the HFM election simulations with the generic HMD,
additional election simulations wore run which incorporated five specific helmet plus mask
combinations used in the experimental portion of this program. Two helmets were considered;
a "pilot's" helmet (HGU-95/P) and a "flier's" helmet (IGU-`i-q/P). Three mas:s were considered-
a pllot/crewmember oxygen mask (MBU-12/P) and tno chsmical-biologioal-oxygen (CBO) masks
(MBU-I1/P and AR-S). The inertial properties of the helmet plus mask configuo-ations were
obtained in the experimental portion of the program.

Table 3 lists the five specific helmet plus mask comoinations and the inertial
properties of the complete helmet - n-nsk . head svstems. Tnese data are also included for
the generic encumbrance configirattons for simul tlions AGH, , C01, C02 and CG3 for comparison
purposes. Since the simulations were symmetric with respect to the mid-sagittal (X-Z) plane
-- as were the Inertial properties (at least nearly so) of the specific HMD -- the relevant
inertial properties are mass, principal mass moment of inertia about the lateral axis through
the svstem e.g. (Tv), and the X and Z locations of the system e.g. with respect to the
unencumbered head e.g. The HPM unencumbereQ head has a mass of 4.38 kg and an 7 of 233.0 kg-
cmp compared to 4:.r) kg and 210.0 kg-nm', respectively, for the Hlybrid IA head. The
parameters EN and RS(TI) will be described in the next section.

%_
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Table 3
SPECIFIC HMD COMIOURA11ONS, INERTIAL PROPERTIES. AND

R.(NIP RATIOS) AND RB fr1) (SIF(T1) RATIOS) FROM SIMULATIONS WI7TH SPECIFIC HMD

MASK ORK 5Y•y555 ) SYS-TMI')
"-NT MASS IV, SYSTEM C.Q, LOCAThMN (em'"u

AnO HELT MASS I(ke) (q-cm') I j aN Ns (TI)

""H3-S/P M U-12/PtZI' 5.76 33. '-.43 -0.34 0.91 0.61

2 H1U3-WP MBJ-1t31P0) 6 I1 424. -0.16 -0.27 0.90 0.67

3 HOtJ-65, AA,.st( 6.19 406 -060 -1.18 0.90 0.65

4 I.U-SliP MBtJ-13IP 6.80 613. -0.38 -0.63 0.65 0.70

5 HKU-SlIp A-5 I 6.68 499. -0.76 -0.94 0.99 0.66

09 5t.38 33,. 0.M 0.0 0.64 0.9

O0 0eIwrGc 1. 3.38 333. 0.0 0.0 0.93 0.71

C02 "G r •" 2.0 7.38 3133 0.0 0.0 1.0 0.82

CG3 'Oenmnc o 3 9.38 333. 0.0 1 0.0 1.02 1 0.94

in ,ego] .

(3) ertn•-s o at.axg.
1
g tre!e •l

RESULTS

The inertial loading effects of first the generic encumbering delices and then the
specific HN4D were evaluated by comparing the HSM NIP and SIF predictions, from the ejectiun
simulations with those devices, to the BBC, i.e., the NIP and SIF predictions from the
simulation with the 17G, 300 mn half-sine exposure (simulaticn NGH - Banellrne with Generic
Helmet). These comparisons were accomplished bv dividing the NIP rnd SI1' from the ejection
simulations by the corresponding B0C values and then plotting these ratios versus spinal
level. Thus when any of these ratios exceed 1.0, the corresponding SRC or limiting value
is exceedted.

Results froa oti,, Sirulations with Generic HMD

Figures 8 and 9 show the effects of varying a point mass from 0 to 3 kg at locations ;) and
3, thi head/generic helmet anteriur and anterior - sopprior uoInts, respectively. Figure
10 .howa the NIP and SIF ratioa s ftnetions of the location of a 2 kg point mass - actually -ase
5 corresponds to a 1 kg point mass located at both sites ý and 5. Results sre plotted for the
neck and vertebral levels TI through T6. The lower levels (T7 through L) are not included
because the inertial loading effects of the point masses were found to decrease with
increasingly lower vertebral level. It was also foutnd that, for all cases of interest, the
largest ratios involved the NIP and SIF(Ti) (SIF at TI). This observation indicates that
we actually do not need to consider 18 BRC (the 17 SIP plus the NIP). Rather, we can focus on
two parameters in particulart the SIP ratio at TI, which for convenience will be referred to
as f.l(TI); and the NIP ratio, whicn will be referred to as RN, i.e.,

RS(Ti) B SIF l. (7)aRC SIF(T1)

4 and

AN BtC fN

These two parameter's are plotted in Figure 11 for all of the ejection simulations with
the symmetrically located (with respeut to the X-Z plane) point masses. The point mass
locations are arranged in order of increasing distance forward from the head e.g. or, for
lonations 3 plus 5 and 4, in the order of increasing radial distance. One conclusion which
can immediately be drawn from this Figure is that the inertial loading effects of HMD become
increasingly more severe with increasing distance of the HMD c.g. forward from the head c.g.

The results plotted in Figure 11 appear to be ideally suited for interpretation in a
pass/fall sense. Thus if the pass criteria are taken to be both AN and R(Ti) •-- 1.0, the

> :•..•"3 ":.
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cases which pass Alp AGH (generic helmet only), CrI and 2, ASPSI dnd Si. None of the cases
considered at locations 2 and 1, which are common attarhment sites for IIM) such as ClO
masks, night vision imaging syatemr and visors, pass. Note that ll of the simolations
included the effects of a I kg generic helmet with Iy = 100 kg-cm

2
, Thus, aecordlng to Figure

11, the upper bound on the mass of a head mounted ensemble (i.e., helmet . mask + additional
HMD) is 3 kg, Drovlded the e.g. or the ensemble is coincident with that of the head and IT of
the ensemble does not excee$ 100 kg-cmp. It is unlikClV that I y of a I kg mass IHMD ensemble
would be loss than 100 kg-cm -- a relatively light helmet plus mask combination, such as the
ilGU-5 /P plus the MBU-12/P, which weighs approximately 1.4 kg, hos an 1. in excess Of 100
kg-cm . Thus the maximum allowable mass for an MMD ensemble with e.g. coincident with the
head e.g. appears to be less than 3 kR anC the maximum allowable HMD mass elove the 1 kg
generic helmet appears to be less than 2 kg.

The HMD mass limit decreases with Increasing distance from the head c.g. (particularly
anteriorly). For an lIMD with e.g. at location 3 and with a "counterweight" at location 5,
the mass limit as indicated in Figure 11 is approximately 1.1 - 0.5. = 0.55 kg. The
"counterweight" mass is subtracted off since it is merely a dead weight added to the ensemble
to reduce the potential for neck muscle fatigue. It has nothing to do with the actual
operation of tno H1D. For location 4, the HMD mass limit appears to be approximately I kgi
and for locations 3 and 2, approximately 0.6 kg.

When one considers that a typical helmet plus mask ensemble -- worn in the high speed,
fixed-wing aircraft operational environment, which, in an emergency, can require crewmeMber
ejection -- can weigh approxisately 2kg, the HMD mass limits indicated in Figure 11 appear to
be somewhat conservative. A likely source for this conservatism comes from the following.
The half-sine acceleration profile used to establish the BRC was identified as a moderate
risk exposure. It should be emphasized, however, that it is a moderate risk exposure for
the lower thoracic and lumbar spires. Based on AAMRL compilations of ejection acceleration
induced spinal Injury statistics, the likelihood of cervical spine vertebral body compressive
fractures during ejection acceleration exposure appears to be significantly lower than the
likelihood of vertebral body compressive fractures in the lower thoraci.c and lumber spines.
Thus, while the BRC for the lower thoracic and lumbar spines may indeed represent moderate
risk criteria, the BRC used in generating Figure 11, i.e., the BRC fN and SIF(TI) could
very well represent low risk criteria. Since our goal was to establish guidelines based
on moderate risk criteria, the results given in Figure 11 are probably conservative.

Analytical Evaluation of Specifli HMD

The inertial loading effects of five helmet plus mask eombinations were evaluated by
comparing the PN and Ps(T1) computed for the ejection simulations with those ensembles to
the preliminery guidelines contained in Figure 11. The first combination, MGli-55IP . MBd-
12/P, represents a standard pilot's configuration. The remaining four combinations; HGU-
55/P * MBU-13/P, HGU-55/P + AR-5, HGU-39/P + MBU-13/P, and HGU-30/P 4 AR-5, represent four
possible CD configurations.

The Ri and R3 (TI) for the ejection simulations with the specific HMD are listed in Table
3 along with the same parameters for simulations AGI, CGI, C02 and C(3. All the oN and R-iT1)
for the specific EMD configurations are less than 1.0. Thus all of these configurations
pass the criteria that both RN and RS(T1) be "i1.0. While the RN and RS(TI) appear to vary
nearly linearly with mass for the generic HHD, their variations with mass and I of the
specific MMD configurations are considerably less linear. This occurs because, wAil, the
e.g- for the generic HMD at location 1 (the head e.g.) is constant, the c.g.s for the
spccific HMD vary as indinated in Table 3. It is oulte evident from Figu e •, that MID
e.g. location can be as significant with regards to HMD inertial loading effects as mass
or moment of inertia.

CONCLUSIONS

The following are thL main findings of the analytical Investigation.

1. The inertial loading effects of HMD are ooservable in the internal loads developed
in the neck and throughout the TL spine with the severity of these effects Increasing with
increasing (towards the head) spinal level.

2. Two parameters particular-lv useful in evaluating the inertial loading effects of
HKD are ER, the ratio of the computed neck injorv parameter (NIP) to the baseline response
criteria (aRC) NIP; and Rs(TI), the ratio of the computed SIF(TI) to the RFC ZIlF(Ti).

3. Tle results contained in Figure 11 represent preliminary guidelines for limiting
HMD mass and location with respect to the head e.g. for the purpose of mlnlaizinl the
inertial loading effects of such devices curing ejecLion scenic: aica CpozuGe:. "-n H'-
pass criteria contained in these guidelines are RN and P(TI)! 1.0. These criteria appear to
be conservative when viewed as moderate risk (5% probability of irjury) criteria.

4. The inertial loading effects of HMD become Increasingly more severe as they are
located Increasingly further, particularly anteriorly, from the head c.g.

5. All of the specific HMD ensembles -- helmet + mask combinations -- considered
satisfy the pass criteria, RN and Rg(TI)lt.

6. For the four CD configuretions: the two involving the HGU0-55/P helmet are less
severe in terms of their inertial loading effects than the two Involving the HGU 39/P.
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The flexible rubber shroud of the AP-t posed signifinant diffioulties during the
inertial properties measurements. the shroud had to be rolled/folded together and jumped
at the base of the helmet so that the meaaurem-nt procedure could be executed. As the shroud
is actually at least partially draped over the air person's shoulders, the eoupling of the
entire shrolud to the bane of the helmet most likely compromised our measuremeits. Since
these data were used directlv for the 9.M simulations, we feel that it is liot appropriatea to
use the results listed in Table 1 to quantitatively compare the inertial loading affects of
the AP-5 and MiiU-13/' CHO masks.

The analytical Investigation described in this paper and the related experimental
work discussed in (3) and ('), have demonstrated analvtical and sAxperimental methodolngles
required to 1) establish general HMD design guideliaes, and 2) define the inertial properties
end evaluate the inertial loading effects of specific existing and planned i-MD ensembles.
This effort also produced some HMD design guidelines for ejection acceleration exposures.
Based on the results obtained and the experience gtined from this program, we have defined
further analytical and experimental investigations designed to produce 1) general HMD design
guidelines for various acceleration environme'its In the form of, e.g., spatial envelopes of
HMD mass limits versus the coordinates of HMD c.g.s, and 2) accurate measurements of the
inertial properties and evaluations of the inertial loadling severities associated with
specific existing or planned HMD ensembles.
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MOUBIFICAFION DE iA DYiNAMIQIJE DIE LA TETE, CIIARGEE PAR DES MANSSL ADDITIONNEELLFS

H.Y.I-ennlon, A.Cotleunt and R.NoloIard
L-abrawoire dAnthropo~lugie Appliqul-e

45, Rue des Sainls-P~res
75270 Panis Ccdex 06

France
RESUME

Be nombreon disposisifs impusent & leom utilinateurs Ie port de masses rapportees nor Ia tAte. LeurFimplantat ion nb~it essentiellemens ii des imp~ratils techniquoes. 11 est rare quc Its ripercosniors possibics Sur Ic
maintien et It mnowsement de Ia tete sojent cnvinagten ao moment de leor conception.

Noon avons etudi6 cette question pour on systiroe etfectivement utilisi. Bans on premier temps nous awons
diiterminri Ia position do centre d'inertie et Ies moments d'inertie principaun do nystime cons~idir par one
mktslode expdi imentale d~e pendulation. Noun asons ennoite pricind les mudlilicattrons des paramttren inertiels de
lennerroble "ttte + systime additioninel" en analysant le deplacement do centr- d'inertie et les variations des
mnoments principaun par rapport & Ia t~te nue, en relation avec le5 centres d~e r otation qoi eon restent inchangts.

L'irrluence des masses additionnelles a itý obse-ic stir quatre solets pour on moovemnent calibrietc
locilement identifiable, difirsi par Iacqoinition vsiuelle d' cible impotant des rotations d~e Ia n~te dails diverses
directions, avec ou sans masses additionnellen. En ce qui conccmne nirictement Iaspect dyn~imique, noon avons
relevi des variations do niveau et d~e Ia 4uree des accifi-ationn dte rotation en relatizn avec l'aogrnrtation ste
linertie ainsi crZ-ie. Le de~port du centr-s d'inerrie indoit igalement des perturbations nerticales d~e lt~cciiiration.

Ce fait ens confirmi par one augmentation tin netne des actisitis des muscles dce muintien et de mite en
mouyement d~e la t~te, en particolier, les muscles de la nuque.

(in autre fait ao moms aunsi important doit tire signaliP. En eltet la perturbation crii-e par finiplantation
d~e lmappareil concerne igalemerh It maintien postural. On observe eni parricolier d~e fortes variations do
stabilogramme pendant les eapiriencen d'acquisition d~e cible birsque It sojet est en position debout.

Cette modil:carion tde Ia dynamique de la tete entraine one sensible tdtgratdstion d~e Ia performance, cvalv6e
en lonction1 des erreurs ralevies et de Iaccroissemeni des teirps tde r~ponsc poor Ia localisation do ciblzls
aeriennes.

Lattentioin de ces coricepteurn de mnatiriels doit dotic Astre attirie nor linfluence dtjitrntnanrz dte
leflicaciti oes op~rateors des apports d~e masse sum la tcte. A partir des constats Prablis dans cette itode, one
recherche plus ginirale doit Etre erireprine avec: pour objcctif d'itablir Its fonictions d~e sennibiliti doun opirateur
aus inerties additirionrrlles, en liaison vnce des critire-i de performance.

I - INTROD)UCTION -

Le port du canque iraditionnellement privu comme moyen de proiectior. de la ttqtcesat de plus on plus
friquermnent envinagi comme one possib~iliti d'impiantatton d'iquipemvents complimeniairen. Ces iquipemeors scnut

destin6n soit S Ia loumniture d'informas ions enternes ao uolee, vituelles 00 auditives, soit a0 contraire a renseignýei
ie syutllit exst'cracor :o -- du,. 4tiet nnsitinn de [a ltct. orientation do ead etc...

Quel que noit It 5010 apporýi~ l a rialisation ste ces dispositils per Ie chomn et Ia rstpartition des fl1ateri. in,

ifs sent S loriginc d'une modification sensible de Ia charge pondiralc de la tdte et ceur iniplantatiun,
necesnairenient sitcec sur ia piriphirie do casqo&C, se traduit par uric alseratmon iroportante des ca:acstiristiqujes
inertielles dte la t~te.

Airx clfeis de fat 'goe, 00 noire mAme lisioninels, occasionosts par le port d~e cen synternes poor one longue
dorie, vienneiit s'alnuter des effets immt~diats 00 6 sris court serme noir Ia starmque et Ia clynamiquc de la t~te.

L'objes dte ccste presentation ent tde rendre compte des travaus prilirninurres qui "ot ~ii& eliectods
relatinemnent S ces eflets 

7 
court terme, loin d~e linaluatiuin d'un synt~nre dcsiinC S ditecier en nroovem;,tsn de

tOte ao moyen dlinclinonrtrcs integren it on ensemble coiffe et casque.

L'approche exp~Simentale a purti nor deon aspects complimentaires
- I6saluation den modifications apporsies i la tete, concernant len centres d'inertie et moments d'inertie
pr incipuos,

-l'itode tde la digradation den per formances pour des moovements Wdacqoistion d'une image en chanip lointairi,
stte libre et t~te chargie.

2 - MODIFICATIONS INERTIELLIES DL LA TEl E -

La premiire phase tdn ecite itote a jt6 centric nor !a diserminatmon den caractiiristiques prcpres do
nynsi~mc im~plantii sur Ia Otre. A ret mlles noun avons osiln5i la mithode cl"ssique do clooble pendule. Le C&jqup est
incorpori a one nacelle pouvant succesnisemens oscil'er ousoor de deun oxes parall&Ies. Be Ia rsisurm des deun
piriodet d'oscillation, ansoccec S 'a connaisnance de la mnasse tdc lensemble et de l'entrane, on peut diduire
ainenlent 6 Ia loin Ia position dii centre 41inertie relatinement a Ioun oo lautire axe doncillatiori et It moment
d'inertie par rapport S ces directions. Les mbmes mesuren 6ivot faites nor ]a nacelle sIde, conduisent par
diffirence ass caractirinniquen do casque neol. En procidans soccessisement sclon len troin directions orthogor~alen
tdc lespace s erticale, antero-postcrieore, laterale, on a obtenou dens on relferentlel in au casqie Ia position duo
centre dinertie et len trois moments d~nertie centraux (Tableao m'l).

I- _ 10 r
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Cci infotmrations dot vent ensoite &tre associrien aux caractiriscrques peopres i celles de Is rate. Centre
d'inertie et moments d'inertie. Ces donnrtes sone giniraiement obtenues a parctir de releves photogiamvcitriqucs
permettant de dritertniner let coordonnics die poin~s situis son des coorbes die niveau et de caiculer ensoite, par
integration nom

6
riaaI e approchie, le5 diffkentes caracteristiqoes inertielles pour one masse volomnique uniforme

cuisine die tonnir6. De eels cranaun oni ki rialisis clans notre laboratoare (It MOLLARtO, 1987), mais out 6t&
4igalemenst pobli~s par McCONVILLE 3. et Coll. (1980). Cestcravaux one purmis d'i1ablir des mithodes destimation
dic. car,-ccjrasorqt~es inertielles sme~mntaires pour let diffirencs elemrents anatomniquct. en ocilisant conime dontnies
die base des rrcsures anthropometniqucs clessiques.

Ce prrnc'pe a it reteno pour estimer irs caractdnit-tiques inerteiles die la tcte des quatre opirateurs ayarnt
participti ave trvaluations die performance (Tableau n*2). Let n~mes 6ivaluatiuns one etc reducses pour one
population, geinrate de mulitaires frartqais cetraite de ERGODATA (Table-au n63) et on peoc conseacer que ics tomets
retenos pour les tests die performance presernteno sine nariabiliti interindisiduelle tris importance pour ces
earactenustiqucs inertielles, coonrant ainAi 'amplitude totale dti variation die la population die r~firence.

Ort pent ennutte grAce & des relations classiques de Is cinititjoe, caractiriscr lensemble tOte casque. Scion
icr. indications du schima correspandant au plan sagittal m~dian, on conscata on du~placement tris important du
centre d'inertie tic Ia sfte lorsque le su~et est iquip6deti son casque, de l1ordre de 4 con. (Figure rti'). Par ailleurs la
variation des moments d'inertie enst. conime lindiqoc le tableau n14, iris impoti ante- Ce risuitat estc d'ailicurs
pr6visible puisque ici let mat~riauri addutits onet one masse volumnique rnoyenne bieaucoup plus iles~e que Celle tin
Ia sire, et sont implantis loin des centres. lid noun scout ramenF les valeurs des mnercies aun axes die rotation de
la tite, puisque ce sons elles qui intervaennene nignificativemont dans les mouvements.

3 - EVALUATION DE L-ENSEMBLE IIOMME-EQUIPEMtENT -

Le second objectif tie cecte itode priliminaire ktait tie caractiriser la rdponse dyr~amique tie la et~se anec no
tarts casque, lorsceole It tjet Colt porter son attention aisuelle sur un point de sun champ noudainernent occuip& par
une image.

La mithode repose sur den priscntationr die tflchfes 6ilmensaires destinies a recrier pour le nojee des
conditions dobservasion, diacquisisior at tie soini die cibles adriennes, ao mnoyen tie projections d'imnages cur un
tiguratif tie ciel, quiart tie sphere tie 10,4 m. dec diam2~cre (Figure n12). L~apparicion tie la cilne estc aliacoire, es le
sajet en position initiale neutre doit Ia localinor et informer le syss~me par action nor art bouson-poossoir ; Ia solii-
citation estc o seqientrelie. ou tisrtodre dans one phase tie survi do cible. Lennemble die iexptinuence est gdnie par
on logicief spdcifiqoe, perinettant tie quantifier let tests do performance sous forme de mesure de tempt tie
reponse, tie taut d'emeans die localisation et ditientificacion die Ia cublc.

Parall~lemonc lactuniisd do sulet ese cantr~liie par on ensemble tic mesures biomicaniqucs
-mesuire des rotations droise-gauche, Li Vaide d'un potentiamnkre place sur Ia Stete do sojet,
-accdlirations tri-anikales captdes au fives0 tdu Irons,
-poocorographie. au mayeri dun Staeoluinisiniere placi s0us len pieds tic loperateur qui pormet lenregistrement

ties efforts tran'mis ai interlace pied-sol, suivarri devot anes orshagonaus tic rel~fertece, antdro-postifnuer ec
lasdral,

- lectrocartirogrophie cc 5lectrotnyographie des groopes moSCiulaures suivants
-coo ntcrno-cleitio-mastotdien,
-nuque :erapi~zes mayens, trait cct gauche,
-don spirtaux c~tit droit.

hoot avortv tense los quatro sujets en retersans pour chacuin d'eun cornire d1~erstc r6fi~renco, le% rdnoltatn
des essais ttctc Jlire. Let essais se sont dirool6n scion civets prasocoles.

Le premier conniste darts Vacquisition tic ciblos ntcessitant des rotations timaito et gauche tie Ia cite a partir
dune position neutre centrale, sort 20 cibles pendant crnq minutes,

Enstate on craite, toujours on cinq r.inuces, 20 cities ý apparition alriatoire localisies en positions
- tiruit-hauct,
- droite-basse,
- avant-haute,
- ga-i-he-baute,
- gauche-hanss.

Esfin pendant dies dtier~s plus langues (15 .'30 minutes) ;I sagit de stunvts tie cibles avec: acquisitiorts t les
trajectoires stnon (curclairen hanizonsales, a plusiours nmnoaun, ou sirrsotidales avec orj sans phases tiarr~it Ci des
vitessos de driplacemneni constanten no variables. Auj coors dti ces suisis lacqars~tion consiste en lestinetion tie la
cible susyie doý lapparition de ma~rii~ro aldatoire doune autre cible tie figuratil die ciel, cans one autre position tic
iez.renco (25 au ;on cJ c

Let r~soltats pr6sentdu tjr :e, tableaux n05 ii 8 font apparattrrz one degradation Iris sensible des
performances des sulots, accomnpagn6o virtue augmnetiation tr~s necce de Vamplitude ties stabilogramnmes et des
actiurtes L.M.G. den muscles sauliicilsn lots des moovements vie Ia ttcc Figures n"3 a 5).

Len acciiiiiatinns tangentiollen et niormales sans tinirnuiet en amplitude de manii~re notable candis que let
duriet die signal augnoenterit, relltitant arinsi directemens Veiet de luiertie (Figure n'6). Let acciidratioirs
verticales rant plus 6len~en. ten tenmps tie rtpanse sans en augmesiltaios die IS A 40% avec one tougmentation tie Ia
dispersion de ceur natoor, tandis ique len. forcos transmiase au sal dans Ie tens antiro-postenieur sont en
augmentation de It a 15%, cc qul apparait 6 lecamen do stabilogramme (cf. figures 0r3 -s 5).

4 - CONCLUSIONS-

Les variations tris imporuanses des c-aractirstttqoes tic Ia s~te cause~es par le port do tystemne modafient Ie
compertement dynamique tic Ia t~te. Le dripnrc do Centre dinerere a pour difet tie tidstabiliser la~sservissement de4
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nrainren de Ia t~re, qr' e5 s! egalerrerit tradit, par l'iiigfleflatiori de 'actisil des muscles i-rpliques clans un
n ournet. 1 et juporantWensouigne l'nflenc corelative sut le nraintien et ]a regiilat,on possuraic et ae

rc5talfuýl ,,nt 1 de. daton v a prirma, . 1 )a yependlant une cerlarne-adapiatiurrau'SyStý1,7

preseirie I, Cs! tin 405 li...rite, Cl ! ei! Cstlair quinn dliti s'astecher a rester daiis Lir devis de masse riettemer.!

Cepeiirarrt on peut retenirc quc les tests cinoisis saint sigrinlicatifs de la perturbation etudiie. lIs peusent
sersir d'outils der base pour cnritrprendre une etide eupdrimcrritale bearicotip plus vsate qui ronnnistera-t en vile
cartographic de linflucirce de charges sur ]aIi tct, en termes de resultautes et doeniomeirts re~sultants appliques en
dillereris points. Ln cite: unre idlle dmnarclre permet de farre vdr-er separe~ment les detfes de la charge
pruprenrent dite et le5 detfes de son moment, combirra-son dle ]a charge et des distances de non rinplantation air
Centire de rotuit,ora, un couple dronne pennant A ]'evidence ktrC anduit par dill~renten ripartutions cie charge. On
part espt'rcr Odlinir a partir uLiFie reljc etude, des critdres, d'opirmisatian utiles aun concepteurs d'iquipements.

Masse ý3Kg Valcuen des monmemnts d'inertie du casqac -
(exprimies en Isg.ui

2
)

I x 2,53.102 ± 0.01

.12,91.-10 1 0.01

3,12.10- ± 0.02

_____________Tblea n'I__ ____ _____________

Valeurs des inerties priricipales du casque.

SUESSI S2 23 d' esrinaEion
au nerij

de

rOtgeu (cii) et j 1J, 19) 19 probabilitf

(-n) .. . . . . . . 19.1 19 1 1 ,a1 , .06

Pdinere de. ...... 5, 56,0 58,2 60,0

1, .. 1,64.10- l,F;.I0- 2, 14.10- 2,41.109 i 0,32.109

1 174. 101 2,10. 10' 2,45.10-a 2,81. 109 :0,37.109

1,1.0 1,63.10- 1,85.10- C0,IS. l0-

Tableau ri'2
Es rujir.tour des niorriirts 0 inronic In, h.y It de Ia t~te des sujets

ayant participe auu enperirmentations.

Ko__ ~-enrien c, 6caee -types den r~eunire de Ofi~lrenee Erreael

el d'estiria t ion
amlt dosd variat ionn. dený unlearn ercieSleas au saill

L.ingurni du, Iz rbalt

týte (_ r) ..1 anlrd a 19a 0-6 .05ailr
POriinhtrt d,
Ia tkre (c-0 564 ii- ,,

L,.i ± ,41 0,32-10

1.63.10 1Y 4 2, 72.C rt 0,37.!0

ý1 1.0 1,9.10 a0181

Tableau n*3
Estimations et amplitudes de varirtions le 5 plus probables de valeurs inertielles d'une population de jeanes
1rfr~arsa dn sexe inasculin IN 794) dont on cmnnair les paramitres slatistiques de mesares Lnthropometriques

relenees sur Ia tfte.
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d/, 1oe- lio

Figure utI
Position du centre de grvitie Cr resuliar,t dte [ensemnble t~te-comfe dans le plait sagittal mn~dit,,

et direction des axes dte rotation dte ]a t8te.

I Siijet S4 - Moments d'inertix (kg. m2

TALe (I1 1./ y........................3,31.10

Cauqux (I A2Y).y.........................4,1 .10

-2
lEce * caoqiix (r 6/ ..Y-..................7,41. 10

'1' -3
fire (I A .......*................ ......14.10

Caqu ( 1............ ............ 3,19. 10
aq" IA 21 7,

................................................. ................... C___

Tableau nk'
Valeurs des mroencts dinert~e de la rtet, do casque et doleuseemble (16t e-casque) do solO) 55i par rapport a line

do rotation de ]a t~te - pour deun dierctiores perpendicolaires Vi , 27

piesLiur ton1i2 r

So~na rerisntan ledifirne loai, tinde cibji 7orlspae daqiii
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fF'ROTOCOLE nol Temps d'acquasition Draitci'GauChe

A B 0 A
Su2JETS T~ Tite CASQUL e

SI 936 203 1066 l2e -14

S2 b44 63 829 96 -29

S 3 756 26? 1 082 70624

Tableau n15
Comparaison des temrps do r~ponse pour des rotations droite/gauche de ]a tetc, avec ou 5aris port du casque.

(m rr'oyerne et a krart-type - Valeurs on nrrllhscondcs).

SWJLTS 2 *5 2 (lroite) S(ace

829 841 813

Varitio desterps myen Waquistio en oncionde la iocalisat~on spatiale de la cible.

VariOCOLE n52 -ep Acquiitio avec cqsan uo; de cble

A - 1 - A - - 1

I 99 169~ 1780 802 -89 005 396 19a0 10 9

9 30C 670 224I 114 TI 41918

195 J1629 72? 804 6069

Coroparaison des !cmps do ricionse pour diffjerents Aches d-acquisitiori aver Oil Sa o rtducsq

A Conditiotn de r~ference t58w nue et B *T~te *casque.

(Valeurs en mill isecoi~des).3



PRO10COLL n02 - TAches d'acgilsitiot

r 2 1ISVJ6TS G2LOBAL d~ait, 0 Atit .'at 9;"l - - clte
Inirt 'as hau t-aut. bas

q39 824 8196 814 102 3 11 51,

Iwo 128 267 140 14 2,

1129 ID31 1l~b 9.12 1249 1301

2422 127 122 1(C 144t 2452

IZ52 1215 1280 121. 12 29 1373

2043 2224 1646 29V 7209 i 62I7

S3 1,43 1292 12 14 16171 1)01 1157

9129 18362 717( 2 1 . 3026 2,624

121 118 1093 1 49 1379 1562

__________ 142 21 27 j 64 1681 1634

%ar~aTttun des temps d'acq-%tion en foflc-tiot. de la Io)", h.3twt spaljalv de Ia cible.
A C-Cnd,tron t~tc nue - cfcrcnc7 ct hI zThe CaSque (Valcurs en rntlitsecondes).

"4.31192710,1604 It

Psur ographic

La let a

[MG Trap ze

LXIC drtanxdu

2oatatt dt1/~s 3 (--Whtttt/to) 4

rti.&re n*3
Exemp'tt d'erregistrcinent de dottnees borottcantqttes et physiologtques pour le Stint b3.

Cnndittuns d'es~ats sans Lasque acquisition tdc cibles pendant suivis- Test
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(D

F.xerple e1'eunrcgitrement de dorrnees buorný(ca-rucjes el phy) clogi cý liour le Suiuet S3.
Conctul wessais a'ec casque 3acq.uisition3 de ctbler. pendant swus-5 Test 2.

0)2

62 ~J-'

62 ~ F ~~XL~.a~3

6W5

Lxerrple d'enregwsrernent de dorrnees biornecanique5 et PhYSuolOgiqueS Pour le Stulet 53.
Conditions d'essais Iaver casquic (apris 2h. de- po~t) acquisition de cbit; pendent suisus - Test 2.

jI
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DISCUSSION PERIOD 3

Col Asleben. GAF.

Ihave a question for Professor Snitjdrs or any of thý other speakers this morning. Woiking
on EFA (the Europeati Fighter Aircraft) rogiram and I am responsible on the German side tot
operational aspects. We need a helmet • * t helmet mounted devices. As you know EFA will be
more agile than the Fliwith higher G onset rates.:

I)What would you consider would be the maximum, weight that the pilot can stand long term
without getting fatigue and in the short term without getting inijured ?

2)What moveme-nt or displacement of the %: of G fulfills the same as another weight which
increases the total mass bitt equalises the balance.?

Professor Snijders. Netherlands

We need very much more information such as was said on one of this mornings papers on
the failure analysis of vertebrae and soft tissues. According to our tesults we are near these himtit,
:,o to increase the weight oeeven helmet and helmet mounted devices will be tricky. We cannot

edict the long term effectis on the spine therefore we need more epideiniologs and X-ray studies.
hat I want to emphasize is already at this time it is a pity that the helntet adds so much weight i.

a situation \ ',cre you want to get rid of it. To decrease the weight certainls by 30-50% would be a
really impo. tant influence or' the weight of the neck and that also would decrease muscle fatigue
dramatically According to our figures within IU-30lsecs some ope.'ation like air combat would
lead to absolute fatigue. In other positions with lower G values such as adjusting the computer.
other problems exist. In general, in answer to sour question, I would say we can improve a little
bit )is changing the mass centre of gravity of the helmet.

Col Asleben. GAF.

TI is does -:ot aniiwer my question. Wc have to give an answer to the engineerý right nost
and say the maximum weight shoulJ be, say 1.4-1.5Kgb, ecause they have to start the work tin this
fou futute development. So what Aould you consider should be the maxinunt weight.

Prifessor Siiijders, Netherlands.

The helmet in out study was the Alpha helmet. It you take that as an example I would sav
that wAas the 'it.

Dr Ftristzer. USA'.

I can't really speak for the Air Force anymore, but the approz.ch we took is to itolo at the
s'stem you have in mind, conic up with the inertial prop,.rties and run simulations in which we
expose the head spine model with those inertial properties incorporated, to the tycs of
en%:ronment that you are concerned with. and look at what the mtass lii, ,rs were. According to our
criteria, we want certain response pirameters to stay below ceitain levels. 1 lie type of levels ; was
talking about correspond to yieldstress on the neck and cervical spine elcments 'intl the upper
thoracic level 1 here is a question oh howvalid it is and there is still work to be done bat we seem
to he in a reasonable ball park. You want ;it number but right now you can tell from the
liresentations you can't do this yet.

Mr Frisch, USA.

"the Navy is in the process of an introducing an integrated night vision system into attack
aircraft The question is one that we have wrestled wAith for some time. 'he inpproach that sse

hase taken is that we know that mnany of the helmet types we have flown ;it the past have heeli
ilincht ii, a vlua oi I lown now..So as tar as w.eignt is concerned we cai pronamty give a little
territory. From all the studies we have coiiducted in terms oh head and neck response in
manitekins and mathematical simulation, the crucial parameter seems not to be so much the mass
but the C of G location of the rysteui. So what we went out with is using the HGU 3-,P as a
baseline. We wanted the three maniutacturers that hid on the sys~tem to come up with soniething
that weighs the eqiiivalent of the IIGU 33P and have a more favourable C of G 0ocation closer to
the occipital condsle,. Nobody I think will be able to tell you what the absolute weight is.

ib
• - .. :o,'d:.,:. " __.--

"a.' #



* Dr Leger. France.

I woul like to put a question to Professor Snijders about the acculacy of the measurement
used to establish your model, and also about the accuac, of inflight measurements of head
displacemeert.

Professor Sntjders. Netherlands.

There was not time in my presentation so I did not include all the details of the accuracies.
They are of paramount importance. Tite measurements of the position of the head have been
performed by the National Aerospace Laboratory in tite Netherland,. They claim with their
computing system that the positions could be determined with a SD of 1.5o and the orientation ot
the direction of accleration which was obtained from accelerometers cn the helmet based oil
ptezoresistive transducers were of the same order of magnitude. What was very important in our
study was the neutral position, because all calculations were started with that the neutral FI6
position. We can say that 3) may be inaccorate. Next we did a parameter desiatton study
(sensitivity analysis) there were so man) parameters involved it came out that the model was ruos't
sensitive, us could he predicted, to the points of attachments of muscles, with respect to the axis of
rotation of the different levels. By changing all parameters plus or minus 1tfhl, we found! that there
were deviations on the forces at t6he lower cervical level deviated til to 60¢,. so we have to be verv
careful with our interpretations. Hlowever */- 101% we think i, a little much and therefore we

fstae again and aFaill that thle model is towst appropriate for coomparing different Xituations, Hf,
simulating an optinmal helmet I have shown a theoretical helmet weight of 800llg with the C"l (oG as
mutch behind the axis of rotation as now It is in front. 1hen you can obtain intcresting
improvements.

l)r Von Gierlie, USA.

l)r McL!hanev, you showed the parameter of the vertebra under various loads in a
stahllised condition and in an equilihrated condition. I wonder goin from the one to The oiter is
some fluid being pressed out of the vertebrae which again is absorbe hv the vertebiae by the time
)ou insert them in aline. IT!t question is, is the static height of the sertebrac different in the
conditions and ahich condition is really closer to the in vivo smtuaton ol the v:rteblrae.
Dr Mcl-lhacny. USA.

S-I e staudin 'height definitely doe,. Lhange utnder those conditions. as tar as which is closest
to in vivo I think that it is well known when son get up in the morning you are at your masxiniun
height and during the day you shrink as ruch as.and Ihe ou aIy du%,n and re-equiliberate your

vertebrae. I think in vivo may be we are operatiing between thtese isso extremnes. Ihete is definitel',
fluid exuded from the discs,, more thtan anythine else in the cclic loading, and it, tar a:s potential

for intur• thc,-e is a theory in crtihopaedics that ron are more liable it injure your lumbhir spine iin
th e [Ta n the pm when the discs are fully equiiibrated aiid stiffer.

Dr Von Gierke, LiSA.

Well we repeated some of the classic movements that you havc Just quooted Ithal ýol ate
shorter in the evening than you are in the noorting. I his !night be true bat the main etfec; comes
front chatre•ir -- Orosture =-ad muscuiar tcniiVh iltoaLihout the evening ;and not s4o rmtuch from
comprressig the sel'cbrac duting the day but the ditterettces you hase between the two conditiens
are very toarked There are quite substantial differences in ihe pararnetess of the vertebrae; the
question really is, is some of this being caused Iby fatigue and compression of the vertebrae or is
some of it just an artefact in the type of in vitro measurenients that we do, where you cannot
prevent pressing some fluid out of the veitebt ae which is to some extent ptrevented in vivo.

Dr McElhaney, USA.

I think that, that is correct that there may be some artefaci in our pter alion. We do keep
the specintens moist in 100"% humidity during this testing. We have also found that we iar, go front
one state, the fully equilibrated state. to the mechanically stabilised state and then back again so
it is difficult for me to say how much this compares to the in vivo state but is a repeatable end state
in the in vitro experiments that we do.

Dr Kriebel, GAF

if i got it right, none of)our football players had a fracture of the dens axis, this is suprising.
Did you find any fractures of tne dens axis? The second question is you had quite a nunsber of
vertebral fractures. How many of these pitients suffered symptoms of spinal cred compression
and how many of the sportsmen could go back to sport again.

Dr McElha'ey. USA.

The numbers that I mentioned on both ,he football and diving accidents were all
permanently quadraplegic. 5c, none recovered. We have not seen any fractures of the dens In these
activities, The prina rytype of fracture in 75% or more is a compression fracture with, anterior
dislocation, usually it C4,5,6 region
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RESUME

Lenvironnement des pilotos d'avion do combat moderno eat parriclii'roment
agressif tocur le syst6.ne tlte-cou. L'introduotion do systlises optroniques macrods sor
le casque aggrave encore le jprobltgse, des acodldrations +Gz.

Des 4 todes on centrifugeuseonet dad mondos alit' dd~vaior !'influence
des pnram?Žtres doenvironnement (iaoliiaison do si?±ge, accdldration , Ga ont plateau
cii en variation) sot la wobiiitds dc la tAte-

280 lancomoats oat 6t6 offoctuds sans roacontrer c~iccidents traurnatiquos.
Les risultats obtonus montrelit qoc josqu'A 5 G, lea caracrd~ristiqoes da ddplaoemoso
de ia tFire sent peu modifides. En revanche !a variation du nivenoA d'aoodlration amino
des perturbations do ia stabiiit6.

Los sous-systsimes ritioxos impliqods dana la st~abilisatiorn do li ri~te
doant irifloencus par le contrileý velenrairo, los lotsý do commardo COS avions do combat
poorraiont constitour un point d'intdriýt dans idrtudo dc is physiopathoioglo do systLisoc
tito-ocou du pilate.

1. - INTRODUCTION

Dapois plusiours arntcs, an constato dana is copmuatussos aircaautiqoe un
anriri~t certain pour le rrtontissomoot des sccdl41rat~ions + Gz sus le segmcnt c6phaliq'ie.
Le probflýmo do is m~obilitd do Is tito on combat adrian ot des doontiielles cansdqeancos.
I rauisatiques no coasrhtue cejondant pas9 us phdr~orLnc oat i~ronrent nouveýau.

Trois facuours peovont: 6tro princspalcm'Žnr avancis A icriqiac do oct
intirdt:

- L'introductiun des commandos dop vol 6loctriqoos. qui cantribuc h la
trbs grando nianoouvrabilit6 des avions do combat modorno, majts aus5si A l'installation
sapido or brotalo des acodlirstians a z

- L'bnclinaisan des saiqes, destindo i protiger coctre los aocilrasions
4 Ga, mais 901 privo is rite d'un appui.

- nfin. l'introductian do dispositifs apttorniqoes manti6s sur le casq-ac,
[I3m woos fturýst, anriliorol '1," -ýrfrnac du, cple a mca'

roars Impose des msasses audirionnoliss mor is tb-te do J'i1lut.

Cc dernier point prisonte ici-raimo on doU~lo aspect. toe jromior oat ;urorment
biomicanique et. slintirusso a' risque traumatique. introduit par 1'dquiporoent do tito.
to secend car lid A icm;'lio do cos sysrirses sous factoor do charge ot concorro
ossontieiiemont 10 countiie Meteor do ]a tito or do con ot, prisonce r!o porturba' ions
do tarco oxtiriouromant apptiqrt~es.

fliversos approclies dOe cc problime peuvent 6tto proupsdca. 1. ciwjort c
tipiddmielogiqoc pormot do priciser los oircanstartcen do scivonuecot lincodcr-cc riollc
des phinomines en situation opdratiunnelio (1, 2, 9). loes tool~nsqoos do madilisatiort
mathirsatiqoc constituent 4igaiement on apport. intrcrssant pour cc qua1 concricto Ia
biamicaniique ties traumatismes do sogmont t~te-coo (6, 8).

Depuis plosicars, annies, le Lsboratoiro do Ptidecino A,6rospatiala dus contro
d'Lssais en Vol a un-sepsis on progr amme di'tude approfondi sot idioft des
acodidra tiu(ns + Ga sot la rsobiiitd do )a ti~to. flifftirents aspects, comnro l'inclinaisor
1mil0ap Pt la.mnini don visqeurs do cassue soos facteur do charge, oat ainai- pu Loro

ahardin lots d'6todes expirimontaics en cuatsifoyeuse.

2. - IETHODES

Les essais ott 6t6 conoduits sot Ia osarrifugeose do Laborat.oiro. La lanigueot
do bras est do 6 milttes. avec one nacelle pendulaire anortie. Dion qut Cotie doune
commando nanuelie, ia reproductibilird des niveaux d'accildratioc et. do lout taux
do variation cot banne. Poor cc gui cancerne oe dottier point Its pontes Us wise e~n
acodli6rstion peuveni. varier entro 01,1 G/s A 1,2 G/s en ot-ilisant slots on systimea
de carapulto. I



lra nacelle utiiis6e pour los exp6rimrant-ations sur la rnabilit6i de la tate
forerir d ersharguar id- exj~,drimnita t.oans encombrantes, avec uric charge2 uttic do 270 kg.

Un total dv 281) laneemennts a 6t.6 r6alis,5 au 0cur do 4 cOajiaglils d'essais.
La eapspayno initiateo wart pour clijectif essontic] d'obsorvor Peffet do l'inclinainon
do si~ge sur la mobitird6 de la tiao gout facteur do charge. Les campagnos soivantes
oat 6t6. plus spidcialoment coosnelrces lux probl~mes d'eipini do viseor do easgue soas
factour d& charge, dana le cadre duc d6ueloppoesrir do I 'avian tact iqun igac du
ddmansrfatiCor 'hatalc A".

2.1. - tlobl'iln do Ta t~te or inclinai-son do sihgo.

1,0 dinpositif axpcirio'oiiral uitilsci pour cetto 6tdo a ftA mis en pla-ce
auraur deun sihge inclinable utilind6 lors dcidrudos anttrcouras do validation du caneept.
Lioos inclir,aisaos dc dossier diu si~lgo oat 6ct rceanocs) 20' at 45'. [tans ci' dornier
cog, doom conditionsi initiilus Otuaient utilistas, appuli Sur lc ropose-tice nii ioirntror.
de Ta t6re aligndo ,lvec le vecreur gravit6.

Do; cililes fixes Oraicot pr6aontioqsunr Lin modec psouda-a16atoiro, solon
trais excenrricitts cn qiscment 45 90', 4 go ,A S1' ci Cuftt,ootoa JOCalis !ations
en sire our los mtridiano prtctd-nmont citfinis.

iLos variatles coonsdh-rdas 6toiort lp tempo d'acquisitian visuallo IT'lI
et le tempo dalIqnemco~t MT) ai mayan dinl dispoaltif monrt 5cr le 0554cc. L~e casque
urijlis6 pour cetto ttudea vait oiin masse opproxasa't.ivo do i430 q . Los3 tormps 6tajent
isesujrts 9 rartir d'uo sign~al donn6 p~ar le slijet. au eaoyn duln buctoa-poussaoir,

SIix occi ia in uecssives sur chaque Wlirdien h irci to ot A gauchoc
t~taicnr effectui(es bora ilcc~l~rotions. stabilisdos en plateau 9k + 3, * 4 et 5
G7.. Dpea eossars ont Oqalomnien 6t6 conduitis 9 7 G en or iji) :;en oniC -iqoemont. (3- Cbias
A 4, et 90'. taian cc dornior can le noishme do dr~signarians trait [iit,' ti6 3.

2.2. - jgapL~oi do visaur d, coseouc soos acc6l6raticrns CaG. (9).

ILe dicpesitif esp(r'trncc.tal a r6ti sntaldartour d'une maqu-orte q~ecra
duc d~monistrateur 14ofalo A avcc un sitgo ioncln 9 32'.

Lo diroicenotif cosprenait

- Un 6eran h6a-i sprliquri du 170 cr, cia diam~t rou.

- Un dl~sposi Lit oj'taquc do rcnvoi a I infis; duon. c~ile, fiat', aorrrjlaotu
ultrdri o~urorr r pat ein sys cbfra d., Iroi-cerian 9 doris dogq aIc, 1I ii~orrt i urn,-sin o~n
rayon Lase.r.

- do viszcor de casques died ro-aprigriec T1ltOtISOl 1-. L prdoision do cc
sysf., Sow (t Io 1 'ordle d.. 0,r'V. (:e vi soLur ditoit pinanr slir' an tasgiý GUEiNtAU 4583 modi fit;
la asetot ic, du syst~ 6otdai t alor do 1200 c. 11 t'.ornmo de rd~termioirr avoc pririciskor,
I-s tro;.s angles do la viste isitL, gizcemnr , radlisaln~ 01114 gula position dc I origin,
do )a vista dans; IC r6fi~rent~el cabine.

.7 -Z Sii-iUut'ii jilQ 1 1 'acqusi51 Io ol Ia
d,ýsigqruus ., do e-ics!Q! roovaycctos t altucinent 9 1I n f int . tine Iocal I S' 1oiha llo' on
nite (It 25' On gi semen!i a7 Cr6 ret ernie poulr onc jiromie Qc s~tr 0ci eno b. a ins.- au
paoiat d * ne prirctdoro do corirect ion de 1' rrosr dc pars II ae a conduit 9 une i6rudo
camjldsoint si c, cflerar~c does des condi tions pi aches do to jiromnisre coorpagno, avee
uric C~ilo staciorInai1ro aý + 30' en sir:Q Qt en qisesent . Cc3 deem caogrogocs ornt 6t6
poursdivies pa~r use 6cude sur cibtles9 jwicilea aveýc di fftreirt-rý tea jertoi ron ciaspI ijtv od
ot do car actdrms: Ogden sarialiot.

Leo aessois ant 6tt mends dons detlix coelditiorms

E n prdsence d'acetitrat ion. 4 Cc tatb;lis~an eil plateau 9t 4 3' 4 Ict

-- tn prrtsooc d'une variation d~aoc6ldration ) 0i,6 C/s wa jr dc-,

aecc;ltratioos roricrinlllos n plateaut ideritiqees sauxj'cdit

3. RP.SULTATS

Train paintls soar A connidd-rer prour les rtsultata do certe 6tudc
V incidozlcc traonriatirjuc leffot do lineliriainan di 6 -g e

i
a t leo earactdrisriqocs

cintrn.atiquog-, do dtplacoinent do la r~te seas facteur do charge.

lip m-
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3.1. - incidence traurmatluue.

L'incidence trausiatique relevde au cours dea sessais eat extrixaszent falibie.
Urn soul sujot a ahandonni lea essala sans les terisiner, enr raisco d~un 6pisode Aigu
de cervicalgis, survenu A l'issuo d'uns srine de laricesionts.

L'eraien raddical a permsa de coocluie A tine origins ausculsire et ie.
godrison a 6tn rapids. D'autres sujets tint signalLS des phinomiines de tension zausculaire
ao niveso do coo h ]'issue do srine de lancernent. Tootefois ces phinomenes disparaissent
qindraisaont d'une inanjire spontanile et rapide. Dans Il'nsemble, lea diffirenta
pu.otocoles utilisis ont 6t4 bien supportia par lea sujets, avoc settlement qusiques
incidents inineors qui ne rensettaient pas en cause ls participation A i'cxpdnimssnration.

3.2. - Effete do i'inclir~aison do stbge.

Lee figures I A 3 prisontent les risuitats ebtenus pour lea temps
d'acquisition visuslie Ti At d'aiignonrent T2, en fonctie' do Vexcentrxcitis de is
cible et do ls configuration do si,%ge et do is tire. Les valeurs stint pzrisentces pour
les essais do rifirenco & 1 G et poor lea essais soos facteur do charge A 3 G or 5 G.

Loexasren do ces donnies ientrxe quo dis 3 G, pour los cibios lee plus
oxcentries, ls tomps d'alignomoent auigments considirsbisnsont avec is stu~ge A 2.0' ot
loraqos 2s t~te our maintonue droito stir ie siigo a 45'. Pour lea essais A 5 G.
l'apparento diminution des valeurs de T2 avec is siige A 20' sa3t liie so fait qluo
4 cuousi sur 6 n'ont Pu offoctuor is thcho d'aliqnouiout.

En dipit do la tr~s grando varisbiliri! irter-individuelio, l'analyse
statistiqos des dor~ndes nontro quo

- Lalignomnont do la tire cat ebtonue plus rapidomont dans Is position
stý'ge 45' t~te appoyio (as Ti) par rapport sux down autras configurations. Certe
diffirence Oct significative so risque 1 W.

- 11 exisrim igelozenon one diffironco significativec entre los valsora
obtenuos en rildi-ence I C par rapport sux essais At 3 C et 5 C. Par contro lanalyse
no montre pas do diffirencc significative entro ccc deux nivesox.

Bien quo ce problirne nr seit pas directersent Ii6 a is mobulit6 do Ia tite,
la figure 4 pora'et do censidiror los risultats obrenos A 7 G. La variable considirdo
out le poorcentageg des essais o0 islignemont do ia ciblo a ind obtono &ouno manu~re
corrocte, routes eciccntricitis tionfendoes. A 7 G, on compAre seouiozrnt le siiýqe inclin6
A 20' ct in configuration otilisant lo repose tire a 45%, pour does disignations A
45 or: W0. 11 ox(istc un's trt~s grands diffirenco A cc niveso avoc seulosiont. 39 1 des
tiches effecrodos cerrectoanont avec le sthge A 20' centre 78% A 45'.

3.3. - Caractiristicues du dielacesnent de la tire
sous factour do charge.

tleus n'sborderons jet quo lea aspects 1i~s A I'aceuiaitinn de cibI~rs

prisenrese avoc on eoxcentric-ifAi Ipimito. L.piOudes rnouvej'ncta dc tC~teboc donc
-ý&-u~p moans aneportante quo lore do is pricidents 6tudo. 11 e'agit en fair do saccades
do tire otliques yore one iocaliintion pnidicrineo. Pour iesrisoslo des sujets et
)es diffirents nivosuni do facreor do charge lee risuirtat indiqoent asses cisirenront
quo, clans ie domains d'accilirstien 6tudid, ]s vitesso do dipiscomont do ia tire oct
tnis faibionnont infitenocie par lo facteos do charge lorequs colul-ci eat 6tabli h
on mniveati donn6. Loraque lee acquisitions sent offectudes so dibor d~une variation
d~acciiination, les vitosses dle dipiscomu~nt doenourent pratiquoment identiqoos, easi
ieon observe one momns bonnie atabilit6 ds is visi&e A lissucn do Is -saccade.

Si Ion coneidrs nasinirenant los vaisurs nsoyennee does vircasos cr~te do
diplacor~ent do la r~re (fiy.5), on corratate qu'il noexisto pratiquennent pase do
diffirenco ontre lee diff~ronts niveaus nl'accili&ratien. Par conitre la vitcase en
giseinent err ginniratosmnt suprirturo A ls vitoesso on site.

Loxamoni des figures 6 or 7 penner d'affinror Ic jogennent sot lee vitessee
do saccades do rite. Lea tracis ent 6t6 obronus avnc one citnie ase dplagant dons lo

plan vertical do haut en has. on observe quo l'scquisition do r~fironce A 1 G (fio.6)
mnet on jou une seuls erandr' saccade.. Par cone" A 2 C, ffig. 7) on conetate loexistenco
dIu'n prermilr ssaade, dioor is viro-see ear idonriquE. Al is prieddente, qui no pornast
pab dlatteiondre la cibla. Uric deuxui~m caccado de corraction amine slots Is c'isie
cur ls but.

Bhen quo ] intonvontion do pjhinoneinies adaptatife aunvionne rapidonsont,
l'acqutainion do ls cihis par plusisors eaccados euccessives a iAt couranament relovie

ios sonaai=
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4. - DISCUSSION
L'cnsemble den r~soltats obtenus lots do cen 6tudes suocessivos ars~rc

a cuosiddror plusinours points.

]i apparalt en premieir lieu quo lea caract-dristiques do ddplqoemont do
ls n~te ne sort redellenent affoctdns quo pour des excertracitds do cibie importanrtes,
do molos darks on domaine d'aocdldrations moddrdes jusqu&A 5 G. Si ion s'intdresse
Aux rdsultats o~btejius lora denq csanas len plus rdoýenta, qui aralyisent plus finomont
le ddplacetnent do la ti~te on utilisont des variables cindinatiques, on rorroove des
observations oob~rentos avoo la isosuro dien tomps d'aoquisition. Dars les deux cas

los diffdrences entre los diffdrerts niveaux do facteur do charge domourent trds
faibles.

Sur lo plan. du cor~trdie do la mot.ricitd de ]a ntep on constato dono quo
les acrdldratioos stabilisdos en plateau ni'affecronr que ntrOs rsoddrdmcnn Les
caraotdrisniques des mouvoesonts do t~te, codi darts un dortaine daLuc6-Aration et
d'oxoonrticind do oilDe rolativemort rdsliste poor l'emploi dPun viseur do nasque.

on pout done corisiddrer quo, darn cc domairo, toutos ohoses Lstann 6galos
par ailleurs, le systdme ostdo-auisoulaire et artloolairo du cou componse presqoo
atonaomornt los effete ]ids & L'augntsntation c.'intenstt6 do vecrour gravit6. Con

constataniurs sort I rapprocher des rdsultats obtenus antdricurement, en partioLIlier

par StIIIRACIII or cull. (7) qui ort montrd6 quo los occraordriatiquos spectralon dynemiquos
du mouvenrnan do la tý,te nl~tajent pas affec-tdes p-r le polds do l'6quipomoent do tiate
(do 900 g & 2000 g).

En revarohe, los variations d'aoodldrattons - Gz semblens poser uin problbme
plus ndrieux au sysrlmo do contrChto morour do la tote. I-os drinndee rocuor-ljies lot-s
does diffdrentos campagnos d'essai, airsi quo d'autros provenars d'4tude-; complifrrntairos
non preseordee i01. convergent. sor co point avec des observations beau':oop plus
fordaeontalon effectudos par VIVIAN] et Stt.RTliOZ (10). En utilisant des forces do faible
amplitude appliqodes darn lo plan saggital do la t~te avon oin donsine do frdquenco
tr~s large, jusqo 0ý 20 lit, con auteurs onit moritr6 quo Is rdponse bionidoanique do la
t5ne, lorsciue le sujet rdsisto activemont At ls force, 6tait trlnr diffdronno Solon
los frdquonoes. Aints gooen basso frdquence ii ddveloppo oine force opposde laI

perturbation, lorsque Ia frdqoence augmnonro la r~s-lstanco fair plut~t appol i n
raidinsomern do systlrno muscuLairo du cou.

Ces oxpirirnontan ions err, ontre autro, bier monir6 qu'uno analyse statique
port-ant sur ion forces et couples maximaux ddvoboppds par is t~te n'6tant pan suffisanto
pour rotit-C c;ompto den pbrolvmrnles dynamiques.

Do plus, los observations offoctudos A pt-upon do cotto eepiriairttionnlo
ont 6Oqalomont mis on dvidence quo la prdparation do sujoýt At nubir la stimulation avait
oneo forte influence sot-r ]a riponse do Ia t~te. Dens le mt-mo ot-dre d'iddo. GLUTTON
a ddmontrd6 quo ocet-ains mdoanismnus rdflexes imp~liqud(s dart: le contr~lo meteor do in
stabjilind6 do la tZ-to 6tatont infloerods par le cort-r~le voLontaire (3).

Cool porinet d'abordor indircotcmont. to probll'mo do is traumanoloqie
corvicalo lids sux soodldraTionS 4 C-a.Ies observations cliniquos,tant on vol, quo dans
005 situations cIuri !l_ :oec lou'zvor--------------racf-tno, mont-rent quo los protldrnos
do traurnstologio cervicalc apparaissort pmSftsertiellcsot. lorogue ]a "situation nohie'
difflre do la "situationi attoodue'.

Lonsomble de ces faits sort-bl deno impliquor quo l'infLuonco d~un certain
nivoao do controie volonnaire est ndcoessalro- pour la mineso au ou optirnate des rsdoanisrnos
visant A tbilisor is3 position do Ia tCte. Ceci am~ne 6 poser le probllrne dos Lois
do P piLoago do l'apparoll, surtout poour len aviens trunis de comnrandos do vol
dioctrliques. On pout, so demander si on bet, nusrbro do problimes rencontrds nor curtains
avlorn eiudernos noý soot. p-nt lids au fait quo ces Lois r'oot pan pt-is en comnpre los
provisions ndooesalros & ]a mine on jooi correoto des sidoanismses, do protoctior flaturols.

CONCLUS IONS

Los rdsoltsts obtoenus loin do cen diffdrertos, 6Ludes mont~ront quo
]oexdou'ion do mouvomont do tate do grando amplitude soos fort factoor do cbargo eat
notablenernt am~lilrer par oin silge moncln loisque lon utilise lapj'oi-tdte.

Oarsq .r inruina demo Loi plus rdslisto den vinnurs do cssqtio, on constane
quo le curt-r~le do ls rtott-lotd do coo ot do lA tAte componno norroctemert los effetst

do factour do charge stabilis6 Si ioun so r~flro aux vitossos niaximalen des saccados

Enfin, les variations d'accdldrntion sort: sosoeptiblos do porturb~er la.
ntabilitd do la t~te d'une rinirslr trbo slgnltiostivo. Los trdcanismos impliquds dans
ia stabiiisation do Is tte 6t-antnrotablomrnoo i "rfluerods par lo cont~r~le vulontairo,
lot- lois do pilotage den appareils riunis do commando de vol dlocnriqooýs poorraienn
cotratituler oin point intdrosaann A corsiddror.
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HECK INJURY PREVENTICN POUUIPI'..ITTCS IH A HIIIH-G-EHVIPO4MNMiT
EXPERIENCES WITH NHIGH SUSTAINED -C TRAIHING OF PILOTS IN THE

GAP LAM4 HUMAN CgHTHiEUGE

by

W.I.WEUISEP, J.LANCNCPF and E.T.RURCI~iOD
GA!' Inotitvtct of Aerospace Medicine

P.C.ox 1264 EEL, fl-HOBO FuernLenfeidhruck, WEST-GEAMANY

f*ew renerat ions of high lperfor-tanne millitary aircraft are able to produce Hl,ýher C-:ates of' onset, attain

.IF~r C -levels for pro onaed rerinds and In the future will confront mop and mnchine core often wlith chan-

ricn a ce Ierotlon peaks Loan irevioun tIghiter Aereratios, hove. These enhanced performance capalillitirowillI recaire addltional anti-c-protection equipment an ueli an specinl oducation and traisine ci pilotsto tolerate clebh-Q-cocimnnmeht lecels so they can fuiflill complex tanohn daring special Inflight conditiocsVltout. saff-erin.' from c-Induced cardiovascular. pulcrarary. cereiral or ccajkuoiokeietal Problems-

Therefore ac. extensive rýudy In 2381 nouio! G-strcsn-useuperlonoed ft lot candidates laged between B8 - 2
yearn) Of the OuE-Ot'fizern'-Unaoermy wan perfcrincd within a poricU of 23 oncthin (I Oct 19A5 - 1 ten 10871
-0v paitleiraited In LhýFgh-3 training procra aa volunteers with rare than 1,50 cesn-ifawe rides partial-.
i!' op toG foe NC sec on thec CUE TAM Fl-inh Cent~rllfur. HP means of an anonymous questionnaire acewe-
red by the ptloi candidates Immediately af'ter C. enpoosre and pont-aoocelrat Inn chock-up, different data,
.cre ottainok.
Ter intenol~or, of chic investig-ation was errc'.ailc.- ntsnlt anor coenciouinnesas well an neck in 'aýry pre-
ventlon, at n~fh nuoth~iend -C. lovely li, ' -unecaenienerd Pilot caedldatts. The findlogo in oar search for
mrtinodo ta protect a soatet 4-zntlr , st-avs in trcc floion zentrifage from C-induced nveptoms, especially
of potent!IaL cervl~cal spine probalono,c're deocrihed.

Meanwhile there are otivlounly mnay worldwide actinltlen in th~e d e oprect of ncw f~ upr oei

to reouno the pilot's Utralolso efforts requIred tn Saict ..n connnciousness at high~ nO; strerns ienels.
Hick-C air conhot cacncaoern wits frequont tiltico andi cornier at' the Pilot's head and seck lead to a
nienifloantly inecrasin' streas on his cervial spice, rerpciolly with the addltional wclght. of toe nel-
net, which 11n farther inrcrsed by helret-monnted displays etc.
Evnc if the certetral onpie In that portion ol7 the -iaouloskeletal cynter. which nantalnos the Msca sevcre
ctrrcu. It iSa the cervical voice which I5 core soncentilol to 00 atresn-leduced. lesinons or lno-'rirr, oý,o-
ce lc thle cociit-endiraonent the cervical colump suffe', roesi Prbalter den lotion fron the vertical li-
nestý tnin a-v ether part of tic certetral column. It lis nino well Hnonwn th~at column streco~te and aOtttill-
ty io reduced onesn fiexian or torsion mouements seE in.
Tre-rrcfre toe flirot. sc-aon venrt conta.ct fighitor pilots esocdlaly after basic fiulere flosne-ce,- so no
c,%n'c-lacer coteplsicts or iniury hyndrorec,- like noscie pain or tensnenes wilth Painfol radiation. uv
spawns ask motor or sen nor y defic its.

It ja, also nerk iortant to enalutite these nlymrtom in tI-ecerrierced pilots or C-uncspccrirnccd pillot cacdi-
datesi Garb 0- -- z stress eoponwre In trio human ctentrfuge.

ia--ar iV lon of thc Jucas Cectrl1fucor at the GAP Institute
of Ce-onpaco Mocdloino in Iiacerstntasad~rucic

- 0
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eoplt le :totadte oo- the perfooftei GF o rrain as of 5553s-i p y e.tt- rtlecfeerobion or
colos' jee 3y aoat arsof mthe n ledrodoala epersonall icrease i s tC- ti nga-c bynfd wats, n p~aster : tved laachrpu

piotdc carldtoe oan athe cntod~ ton3dPoC -f'scsits f-30ao 5ec e 5s
ysi 5 t)o 3 e - fai nroed oer- an,- fr 30 arc- and Pitento ,a-1 a i fc 5nd a

trinn an empoyen of s arorewor

At -- cr ntcjf. 1 r~pof p~c~anin ,e -ig susaiede hG env rirom enth etiu pno ,nw

- AntG Sit: on
Gz #ýu ý% f~ ntya,~ s.ro~irnp i dc srrn Luiraa

g I 6 z .ll its ~ r a corig e ' eI n e , t m ru t , n .he2 o y - d ; I
toLero lw -n-ýPrfls; 3q ar! eet eow arilr~a 'hth etiuean h e r)_

end -. `) -t " -hul an 2t-e --in", e p 2 ? -,r~az of ZSX' By' zett -nr Vi "-r--ecebt~c

!a " there d t-p o fl e wa o applied by th ' .comp ter c nin ps si ver od for the tra inee. Zr las pe r ofils e wa
o!1ile Q.fon3 active nod ;e, Thi nears thyflowe the C-roil prsne on an crep in fron of to15he

conisedo1 2pr~ewih - Combyne Toaioig Stoe stc.Tosie pio caddae wh -lse 7r fstchn

ine gver aaccrd ne STerse 3827 Miihe nitmumg reus ree0-cngthe forsleastin,+pro iccrfiywr

Ever trineewasdresed ith ~s eca teraiping naiand e ithlasmant o i-Csutcr itigowbadao

-~ AniG ut:o

Uz
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Rli:il1LTS AND DISCUSSION

6 Of1 a total of 231 pilot candidates 166 Pilot condldat.ea or- rig.75 were nrresifal in C-tratnin,, And fal -
fMled the ninimum requiremntstora the NATO stafldar'dleation sr~reenent. tee SIVIA05 3627 (iilnlevo Pequlre-
mnets for Selection. frailnioc and Ceemloynent of Aircrew in l)tlh S-ustained '2 l~nntronoerm letfe-tie ns el
bigy 7, 1951)) by tolera Ianý * 7 C for, 15 ne~c alrzady In the. t~rot tent fevlol. TIl. ne ins th.ot 7) pi lot
caedidate-9 (30.25 t) foailed. Out of this cr.ouy which closed the aim (37.25 5, of oil tented) the-,e red
p1lert drindidotee (0.8 - of th, total) who tooký a3 ocond chance valunatr) ly and ret t!;e STIIG', ]l527 -

qutlreneft.

This neans that a total of 163 peloct candld-iten or 7G.59 ii of the total nircer. flInalyorerc f.
Therec were also 35 filot candidates (14.71 5of the total)or, 2C.83 % who eolon ed to thec saccenjarul -1ohr
170.59 5 who tow a second try on the ceetrIfur-e and toler'ated * 8 Cz frO 3d aec.

Numblt 0, SuWbmi (Pilot C!pnd~dltifrfyf~f~ljg inium
SlANAG 3827

F3 leuremsat, In Aetaillan Ia Total Wnambor of Sub5(.ets tosl.4

W1thIn the (leslie ac.saCZiUl 0rOT:

awere succcnssful oaler bp tOI5-OtI5 55 88 Irt13

a neond triol peri od .70 tafr lna 00C ealro accept a Sec~nd test pvond vlfa,ec

toc.- allready9'30se

14 71 pe.riod

133 fiolt candldates he N0o tee total) o
0 

70. 17 7 1 wo bloneed to t'ue -~re., .IrS Irlerated -7 GC
foe 15 sec did not accept: a1 ner-rd tort period affored to tolerate *SC_ far 37 rt

The aceroge G tolerance increenne by yerf'o'nln AVfU was .1G.6 In .1l pilothcaondiiýalre.
eRlevPing the data froan the Queetionnaire an post-acceleration chorkac to the 233 -crt cIrndrec1

the s~tudy there are aererl inter-entlg firdinge.

The cost lecre.ssire event foe the p1ilet candidatee Ili tie ceotellfar.8 cooS te G-utr~eapisef rrb
foand the influence of acceleratlon to bc etrerofal- Abotut 12 U1 of th, ca d Ltu hirteIe o thee

3could tolerate it.. hat 30 % found it to ho eoteresely touchi. Parlor' the ccetrllline rides I-- pilot c:andda
tee or 55 % of' the total bed no probicns. 10 piot n~didlteo 01,I 4 ofo.0 or c e Trier e-
re 71 sub-jects (32 1 of tee total) with vartonis roo.plam'te oat-h as naca1t ehmtu etc. *1A 1n anary _Is
15 % sufferen f-r-n notion sichnens syriytoso like ver-tigo and -nauea and with-in thi~s recur tCe--: f-or.
vomit log-

Suj~cts with Piroblemsiii ý!rnS Acceleration
100%an(238) (Human Centrifuge)

55 t/~(131) 45 n%, (107)

Subjects with Problems

ci '230 n/y (71)

Total Number Subjects Subjects with Subjects with

At iur iof Subjects without various Kinetosis-
Problms Coplaits SyptomIiur



1-. 1 11 h1 O111lt d x c i te .Y J-~i 11 h A;V -ILv - iI1 in a , N b r ip c 5 o f

foI,! I'l Inot 00 iflicZI !.n ",pt 2tic 4 .syni~o nl.' - 0 ,!1V.Iu i 11 1 Vii' t ýn Ia. ii, tIV tC s 1! 0.-

t.rm ",! -: riomi -C111i .'i53 an-t ýMinrannto SM., in 'i7. comipared to the AuCCIe-st ion Plone whoie IC
riad vnettiiuior II 1toron., but of 1nIn er-iocr f. Si., i!,rid noderrte an,, n' V 0. ; % hid Ml run -viitomn.

Su1bjec1Stlqhvtrg Vikgeta~lvSykptOms (Veatlbular flualO!!S)
gdurý Cen~trifuge cutaccrdtg to Degress of Sever)ty:

(n - 238 Sk 100 %) 90 %' (214)

minor Symptoms

9 6%' (23) minor Symptoms,

10 % (24) 1 major Syrm-ptoms
KC.1)major Symptomsý

Upoin starting Run Alter Lnd~ of Run

Number of Sublects with G-Induced Symptoms (visual or-
cerebral)1 lypicatý during acceleration in relation to

Numbellr of Subjects Tested.

100 % (238)

89.5 %/ (213) Maximal Tunnel Vision or Greyout

9.0 0/o~ (21) Temporary Blackout

1 5 111 (4) 6-LOC

Xc nn 100intr-v? o inte tri if - ' r viie h~ole -on: lb. io et o-iaee f p or., pou~cie

Span-n 0.. -.mrno n tripa oe., or tO., tourw- one limner tm- -, in t.mmhn, e o-l- Ftc: L-do; aind tlm cc:--
p01a o'co. 9 pcilot caridid:,te3u or 3.6 ': o! tie <toie :n-op 12,j3 -ormictn ;imh naurrn i, a-ot ncr

thicidOf tor t-mfetc 'racn (2:, sublect~ni ruint!ed [)nudj a-1ectL~l.o



Numnber of Suklgcft with musculloskflletal Problems
10 23)Aftear Acceleration In the Numbn CentrIfuge

Se10 % (24) Musculo-skeletal Problemns

fociwnf tn-u-Ir th--t to rkrarkiabih thati- minor cervical Problems 0u-d
n 111L _, -1 tilnt the tlajoCes were in no uPrIaht Position, did

lit-1-Iet.it) n 1 t"L %oil on -niwi, hoot hovidu, tiotr meanfs

'-;v r-,,-l--'er f;,-ur!L a- i~e ,el fi,10 onV 1'tp qme Ijottal -nirrieo-rII 0505.0OVCP innuv -p pilot cnrlid.,-

onW.ocaiictnri pow-G- eantinq al ieniitohe , 0-r
cet6fu~ anil( ita ispi hemt foohuCprfr otn ep oe~ slik thaten

"le-l" aouean enhnc theirn beark ore thi ato-e ndrGlol

ta n s t f thtýa ttack- r in air contat a~ltaitiohh. T his n e ars thIat Co'ip tirise periods
rfeh-e-Gtet-raihei coun3d' o 3Pjt YterN rerIjntoaicn seat

3 n. lv sores,;:t c-in -id- !ime;~atc tI u-ttCt- the plint salts av
1:1. 1 5tIrer he ata irto ina back over 0n ishloutIheoevo-i

'natio Iyate ' rat istdra to-.1n ane l for,-t-

iW-1 e lnr.t--r'oaotd A-ýartapa etc. Petter nerviJ s1 nopoort, symtemaaOulc oo Javeic-

hiea-C-tm-i~niha In the oenotel -Ite 0- putIiin- !11s Gt-10aa1 In I I e'rt
r. r* s tmlJa-vo a. 1 0!ie-p o thel r cernvinal opine to ot,-,r,:in,s t.he nec

ainut mait 1-anly L ost umitoal their Orc, oscin S uhder r-hcoen
"t 1 1it' u il aen ata,- nc , v ma-nine Prado am to ntrent~heo tiesc om- tcm c-n bje ef

Fr r t t,_1 rt - iel~tý Injuries

6. 11 ý1,Ire1OL,.f !Ihter-1c rito'eoaln reanoseum WOI C-otnni arm ualy p crdnalp After
n-oi- j i e-apt ion-.

1, Aneee, n . . Ie-a' nmortn I oron linesi- oc Ie-'irat.I or, s9ust aI ned P¼ 50n ma n / a 2hlnhe
colt t11 in with thm t-rntsi 1 tl,, K:31-. 101 0' tm-1oep Troop tr Oe-rmale tesearra Ind

*,vloe ý;mi-P32 po '9-1 to 39-Pt; 19

Z? s. d, on Ille Ctirirat1 .11 btor-5,oa rn'utioh of traumas and fstsIittmr onneolated
wIth ai, ae'et ton aria C:-111 - i ha-kin-' Troop .9apart ecitm-AR- 194. esipeciallIa

hae-. P. 9- :da ul-he tiIua lao-, 5cr il cc lniAlai nan i itegeroor.! tI ICher Slan1t.
Or :nd-1un . 9 :261-7i6~ ;197'

4. i 1,to.oil. 1. teve,et t . F,'.CD. !l;onamloIon, L) MtI at nIiell osotalohed sO sce Ir-
tin: h liela. he;-rnp. f'ed. 405:'1Ii5-1136 ~



4t. hle It-arlt, R.I..: Fandaorncals nif Aer~onpICn 1I-edlc:irc. Coaster 9 -loldynoi.3:
Sortaloed Acceleration (by 3.D.Lecerett, Jr. add 2.F.8 innery) pablla:.ad by Lea t.
Febloar. PhIla,-reiphio, pp. 2C2 to 149; 1951,
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"AvolIloon e j-ttioii and crn nn %r Oenoloylog conjocn honod lod An-d torqoe mean-
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301.1 to) hi-,; 19314

1-. 'iandn~or.(. 1.0.: L'tIoo 5-o~~ of acute. nct'c in'otjY I1.7U. -o'cr vI lots
cxored to l 351 -inrcse. Avlot. Peac tovir-on. 1-:cd. S3I16 q1C:1-

1-" pi inry ~ tvN~lIn, 110. Cl, 0.2.: Colnetoent lo I c!norcroinorneva und
vonteljcolor tui juO.hdrter .5 treof,. dolot. S:pace Conv,,os..ed- 51:C27-531; 19S-

2".. Uo:-stcr.. ditnditloleýondc Cryrn-on-cit lcr oeda .:in,-cohn,-nova ('SI o
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Risaue de huvona& cern&.ftis n..aJL.ls.eLtES tu Mukea±

Dr. C. TARRIERE, J.7. FORET-BRUlIO, Or. 4,1. LE cWl

Lab~oratuire de Physlolugie et de Hiusi-aniqoe
Assocl6 A Peugeot S.A./Renault

132, rue des Suisses
92000 NANTERRE - FRANCE

Pr.' C. GOT

RbpitalI Aubroise Par6
9, Avenue Char lea de Gaulle

92100 BOULOONE-BILLANCOIJRT - FiIANCE

Dr. F. MiILLON
Jilpital R~aymond Pulnicark

104, Boolenard Raymond Poincar6
92380 GAJICRES - FRANCE

Le Lntboratoirr de Phyatioogir et tie Biomeosaique nanorie a IS3A et RIENAILT d;spose de dteas SUt3 d,
do niane- lvi presettant d'apport er use contribution A In coapr~hensýiun du risque aviv snu- du
secanisse dea lesiions ccrvirales. tea donneva provicnrtent

-dti son enqnike pluridinriplinaire concernant lea occupants de voitureon implique, un nor it-lettl
coeporelom qai cosporte nctanlteurnt b589 v6txrulev et 9789 impliques a05 pl~area a-nti.

- ie 375 tests n'nperiuentauv aver cadavren: collisions simalecs3 fruntales et late-ralna, chuices
libres, easelms sync ispacttsul' etc ...

La premv~re partic sera plan sperislement axee avou iiv r leIda e ~ insa ceveicsles %,-c uts bans
im pact direct de Is te te pour len seula occuptants ceyntqjres imvliqueu darn dilffrevts typcu
d'acoider,tn rdvls.

L% neconde partie cosrerrera lea easain avec cadanres qni perrmei tten tine srilIlesre rom~p. eh-nv it dii
mpeanisme des leaionus cervicalen griioc, noteagmeat, sau meniure, tie ditlerents larusetres phyviqont
(maximum de Isangle tdte/tborax, vitesan et acceleration angalaire, eccc...

1) LE5 OCCUPANITS CEI1ITIRES IMPIQITUEL FN ACCIDENTS REELS

Rosa diatingue~rona dana ce qui suit deuv, rat.6gorics de lksioit8 rerit~a'rv

le lT stlnL&a.ifiMIIE lAIN I) ila Ouleur, contusaion, entorse Enna auraunt atteintut
neurologu~lue,

Le lotJsaona csxn lAIN) W Fractures des vert.Nbrs 4cervicalns aver on senn aiteinte
near-ologiqan,

Fatal lea 3781 occupants usjjaljgfa ties places avant de noire esqoete, 9U' d csoa1ML-Uhina
d'accideata continidues, on observe aenlemient 41 cas de lesions graves Isoit 1,11 %) et 400
lesions macaercs (10.6 1). Lee )i-aons ters graves lparaplegie) toot entremesent races. LSM9
tout an sorrel scat observ~s done des chuocs divers oa Is tite eat nowio~urs satviresaen leanjp=

Pour ant acullosre compr~hhenson da risque cervical. antis saaB intercAson dans Ce qut Suit coo
orcupants yn sbau m

1
ci et dititingonos truis catkgories de trajecriorca pour lea ocrt-

pants i rontaic, latc~rale en aeri~re. En labseace d'iapact Ac It tkte, lea soilllitations dc
Is coltanse ceruvaica seront respect ivement en byperflesioti feontale oa lanerale et en bypcreu-
tens ion.

L'intluenve star Ie risque cervical 'oun impact de Ia tite, Ju I ne pest que sodifier Is
collioltation du co a te analystc Sisal que l':,nfluencc Ae Ia violence de Ia collision.

1.1. Part As. idajons carvlcales seloIQUL jLJ1_hge (i l t~ableau1)

Avant tpate 6tude mar let scatles ltsions d,, cod, 11 n'eat pas inotile dc pidomiace Is Den
des l6plona cernlcalec par rapport ass sat a1 territoircia noejiorela pour cem impliquka en
accidents de voitarem. Touesa vitesses confandaca, on observe qac

aAIR Abroulstci Injury Scale (seir sannet 1)

4

WWItt



-en dine t rontti a 60 1 des accidents rorporeils. Ia fr~q~ionce do leemiens dii ciii tntfu
5imbe rang (10,2 %) sprhs lea members inf~riours 134 X), le thorax 031,S %), In tLite
(31,2 Z) et lea meshirrs aupiriours (20,7 1).

-en rheec lartral 20 I des ac-cidents rorpiroils, b,4 % den occupants prdsentelnt dun
iokmiuns dii cou, suit IJaV&t drir rriUL.fl.

-en ch.,t secilro (10 % des accidental 1tsta...qLigrtMES g~sn sFc2, d itn
minesrem et 1,31 X de Itniions coo plan men~res. tienneno orisiiitv In cteu J17,0 %) et In
cQolone doranlosbairi (13,7%).

En ce 4ui consirnte frct v, Ia freq-ouc est. do I icrdro il,- I X olil 41s. nut Ise tire
de clior et pour ce niveaa de niuv4rite do bleasure; FAtS 21, I) c con nOB puce porin les
dines frentsuu et Ist~raun, renpectlvoactit aun 71. et 81. rang Avant et apr6s ta culsine cor-
snlombairo. En exec arri~rc, noi Ix graltit globalo de l'ooupunt (sombre de nions- In,
uccupant) coat pliin fni"Ile pie dons lea autrue chur s, to ite puts Ir ecu sent Vri iritai-
rea, main 11 ent cral qur le chxc arrie-re no repetatarte neuttleout iou, 4 % tdes bit-an/n
graces et tuis.

1.2. Erb~jLanr, de- lsilons cerviralcs scion Is tunre djch I;b

Avant 4 sif analyse air leo (Anions, cureic ales, it cat utitle dI- pr-/riser qua exait
impact do Ia tite, on obsnerce atulpemos 2 can ld- bi-cen 1-rtis do niicxo
parmi lea 1112 Ispl iqein, il aLiN~te on sra
d'imiaol et to, quelle quo ai. Is in iolence do Is LouIlitzOn repri'iv liar Is catns-
tion de ritesuo unbie par lurc~uparrt as cents du theeI 4vt1.

S'agiusnst du ena, In rfttouue thorsirq-it' liar an ccintiir- (quti Crve. parfeii d-'
fractures do r~ton pour len plus tiges) entrainý sans ampart d'- Is tkte, tiit mec-
bent dihyppieflrnosn d ro -u qi pUtt get ' rer den coatrainten ae tinradcinnt days 102
des can par dus Jolexunra derigio-. anuc-li.-] intial siren, t--n I rid ique I,-

tnableaa nuivant. to nona true dana (1,5 % 4- ca. go u!.u I-Iate pleaý .iue Ittiot
ittoe otnercie Isuti-co,;nts ').

En can d-IjAcltku.JJJ.Isti- Is part den 16nio, lira- en , it plisa i5iertafltt. Unix
rentur entice tris faibie, iciterieurn A 3 X.

Pari d'iapact Inpact dr I, te,-v
T&UlAU I do In tete

A IS t~te = 0 AIS tet.- 1 I MS Isl
N a 12 F 3(11I 193

Lesions du cuei 108 Scý 2-I

AIS co: ), I , 10.22 %12,1 t

c if' 615 >u 2 J 0,45 % 1.9 1 V-6 %

SelIoti lea niceaux dAIS A is tkte, lea occupantsý cornonpercidaxlxý ii- ,iejt mni li
gains dons de-s chuen do aims violence (Figure 1). Ce trinia do ujul-ne pejr-it
slots espliqner A Ini soul ln rinqar- vupplinentairt- Or !raituren de Cretbesro ecr-

-vi-aic pour ion ens Anec Imnc IRC o isC I&t&Iet. D LU(u I'r xIi in Pre-- a,- par eInAeStoI de
vitunso fair. saparaitre Italileau 2)1

SLen jituiogLjJ±JnjAs5lAJ.5_ýI niec- ensari inpact dc la tile
tUIrftteLSL .ttESjUfliclaflxveaOj ac It viol ivmc,4Cju t cj ilnlqA.pQru
svjrnict...desJIiowns t2.oietIo can d'ispsitI qul auganniurnt Inrtan-a1t suet It- Lk
(Fig. 21.

5Dan to mim. 6e -A~-de yUeioj stpvo us Iispat drý in tote .a~u~tirtw e pars ig.i!iil
canixoeatu In friijuenee de lIt-ions o nm (UnIS> Z 1

) saiS autgmetrte It, tisomit d
fInetiirn 1615)ý2) pear lea chems anptriourn At 20 6./h.

L'aboncaco do con /1st ion ent-rocmqac louar le con et ciolosco Or thee ruer ehcrii
dos 2 grorapos avor, et son repsrt d.- in tkts lfig.31 eat duo a divers fat-rear
tola gte

-diff6conce do forme et de. rigiditi des 6limunta imliacl~a par In Lt,, uea:,
planche do berdl

-taliranronet intorind'txidaeulon tr~n diffirentos
-in~huenro do iS60e at du anex;

Certaans do tea tacteucs, imposnlblen A guantifier en aseudolnte r~eds pourroat
gritce sun essain avnot cadanren icon analysis Soter beanr:oup Plus de prhcistion

a Teat au X2 aigolficatif an smul] de 0.05
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1.2.?. to thee latersl

ComPte-ten dii, oomfire tree faible do lesions g&Lyta du ecu (.1 cash. it miost pas
possible do conellure qutatit a I grav.ite tiscbhroe ayje (2 ca.) on IN§ impact do I a

tate (I eas) ;on pout tout simptoevot outer quo cvH tractures de Is columnn cotv-ok
Cale root obint-voes wi-dteann do 3') IP/h do At ot quo, Is frtijuonco d'rl5I'iticti,
does itdans eat plus .mportento avtr• quo ffAM impact dc. la tidi (diffdrtrnci tut'.-
fois non sigsificsitivo(.

Pas dl'i'apci tt~te Impact toite

Tableau2L 413 Utot = 0 1 ass fracture asoc fracture
snus porte do et/os Porte do

cour~uinaori'coflutiusftfCO
AIS tote =I AlIS ioe t ) 2

N =22.5 N z: 6 44

Mombre de Ie- 1

A13 1c,7 %1N 1 11,7 %11%

Num bro do 16-111stons gfraces

U.44% %, 3 ,3I%

L'analysr par classes do vitrane donue des rosultats do smem ordec nor pour leo
o-cupantLs imlp

1 
iqies en eliot frontal, A sasoir

let risque poor In Lite ost fortoeteit lie a to vielteuce du eliot stern quot i-eli:
dii coo (2(5 4 1) ioe cane pus qo'ii p sit impact do Ia tote ou lion (Figures .1 et
5).

-pour one memo clesen do vitoaso Li opy a piuaa do dlifforoiiee oi.~nittcstcco i.-
r~squo pour lec ou avcr ou sans ikpact d- Is tkne.

,r the.' lsterat, scolo Ia place do I occupan~t liar i-op:iurt a11 point de i-e -oi%
cconfigiurations aunt poat-ibven;

-ori-up.,-ts places do1 cute uppond so, eliot I esslei tte-, n- thurso en'l 11ir'-
dstnc so,, sou-i-int. tat/cal, lias d'arrt/ piar )a ceint-ire sij nitio de lin c'.oinn'

.- oiparta pa.cd dii ,6ic do coc : d-a Is quasi t l -' din icesteeuptiut
h/rft-tofi l dun- ulpui do I/paulo et do t hot-no cootre %as porte adjucente qa:
linite stout in doptacoment lateral qli:, Importatnt pciirrslt: eti- prondIiuh, a
Ia coloni c ecruiesto. De plan In cuire Isthrale ou to pied-milieu(i ite
oout rtduueo l'ampLitude do tenusemeut &c rotatio do Is ztet. S.I " 'a'.s.i'tieti
(on-iho-au Ws'tu ncrrte quo par Is ceinture ilo ut-euriti' au uoest, diý v-u (par

ecemplo : ousertore do ta piitet adjaceneltee les)ionsI' peuueVtlt ricet secuvr"
c;ýost Ioch del settl~e ltjj.Q grase du ccii O)c- a -gatd avv
tUe imaplaotIat 1,- jiY'rueo des aneragueauctuola (3an~s mesoro Sdjseeulit- a,-
peotoriiaa( minenit. cortanesiiemet d-s i-usequties gcscianises pour lea impl iqile
"en c~hoc latt/al I(1. Des enactis avcr ia-saros sent on cooirs put - rifir

litiftuence do ielte positiou, di'ricrgo nor to risq..e pour 1e coo.

1.2.3. L"- choc; errithre

En choc arribre untique. Zcan soulomoot (1,3 %) do fractures coreicales soot, oaber-
s/ue. LO dintrihuit in-t den risqueG pooir le i-u 1015~b)1 pear lnn 153 impliqutis c'st
indiqju;d dana 1, tsbleoa' 3..

AIS coc ý1 I

< 25 km/ti > 2. "m/h

Tit, A15 u 0 2593 11/34

It) R16firseaun aso neue,



Beaoropup do 'pobl rations out es poodr theme lea lessons. do coo enuchoc arribro,

coos 10no Imsiteross done1 sox conc lus Ions oa estir l l 1e. car beau coop de I acteora;

ito' roIenouet en" c lioc arroere otes que Is pr'a enc e din e at:p.- t et o, 1. t ens'e du
dossier de st~ge, la violence ds ohoc, le aeon do loccopatit, Ia distance tate-t aPPi-tete ..

- La dot~rioiratzin do siege appatrait plus perforbasto qoc I'appoi-O~te pour In
reductiotn d-n douleurn ceroicales.

- COttc detj~riorat iou ohieor-6e daus den chocs generslomeur. plus severes, quo
aotoris, dies haurts sitcoms do ls tiliv porsot par contre de r~doire la, Irei-
qoecc do rioqoc do dopilest coroocalo (tableau prdc~deuvt).

- L'otticsrit6 do l'siuoi-teoc cut gu~le pour !(-u hossnea et imrs faible pooir lea
fnes dont ia fix~qococe des douleors carvicalvo out peocho do triple do cello

Pg7~ftiJ~.~4A~i~5OCO t~t~t'p~ii'dtL~l alra moundtoj~p. e~ty distancev
ouitouir Is pluport den vohiuolos accoielo eat tmportnautc aopiiuuo vertaittoment l'et-
Iicacjt.4 qooo~i sorite de I'ajppi-teto qoanid lo sicega eat intact. Des cantals 0000'

arto& lowest or0 coors aver coda. rus et SanttvQiOO pour tesnter do comprandre les
suliocitatioour do coo en luitunt varier is distusco tcte/sipoi-tiaoe.

1 .3. vpoclogi e nO .tjjgnnn xns, 41"tenwng rcrv~Aa~~Lastsy

Less leg 21 occupunts bleoses gsoensent a In colooser cocr-ioslo no precootent pant do
tractor,' LoIo don sigoesi dc aucofrierao neurolgiqt.e Ipareathi~siel. Uodeti1A No It-g()
sor 191) e t ooocucnutg pr~iiootaot des fractures gnten-esAr-4muivott t- lea sutreo
froctures so reporti,,sunt endtio C3 et c7 (FIgure 6ll.

OS-o Impact de In tote, vinq des 7 frarturos one situcot a1 niveso do C2.

1.4.Inlecdusxou a raecde gscjs!evcts

Iv nosee do i'orcopant samblo dotorsinir pour beascoop Is probubilittP dovne sttentc
cerci-o lv. Anios dots lea trola configurations do Ot:o dcrieots precetdeammot. lit trr6lence
don' lson corriculen ISIS >, 1) cfjon Is fease out plus do dooblo do coilc do P'hosso

qu si ýt impact 0u 1101 de t. ti&to.

L9 difteioice do morp'ljolgo cnrvicsila no do positioisvm'n' meloiti do lappo- triorseiqone
poutr-aicot otptiqucr cette plus grande vulserattilit6 dv is tease.

drqv~ e ds lestions

c hoc IHjm"

?rontal l, .

Lateral J9, L,.b

S') ajot~e qion choc &rriero. Is naindre muss do Is tease (en soycote. 00 I-01 potato pan
do dofisi-sr In douslor a desa vitesava soor losqocllog ces deformationa so pt-vduisnot poor
lea hoNRes.

2) ESSAIS AnDC CAUAVRES

Do inosbraoo vanno out etc ri.Aliata al-or aujets hocuains A poetic de 1S7a car, 11 etnit apparn-
rpidemeot que I oalont iso do In qoaltitk de !s proitect too olferto &O0 aclcidnutta do Ia route.
par loutilinsato iou slaovanequios do cho., scootL. pan auffiasnamnt. fiable, ent raiaooi do lour

&1 aadtocro simulation do) ccmaporteiaeut Iiosni at de3 lacoinee des counsnissattcou Sur In tolfesuton
1-o8umairiX noLhoc, notnaseot pour In coo.

to Lohoesatoitr de Physiologia ot do Eioatcaniu~e intrepri t une toep~oti.et Airuito so

avoc des ,vsttl,, tiuonIta v rciaiiaet, duno bs Ir xoptrisentat moss tvec nuj-ta tivmaltia poor
ulfoc-tuer des es8818 miusceptihilo do foursir Ins denot-es hiomecgniqoes stoeaaatiroa;

Do, x~thodologie tra satrioto a 6o6 msea as point post pousoir interprttec avec auef.'saaasts¶ cý
prdcn o lou resultsts miessois effectuda aeon des caduovres train

-e,,qouke aeu len causesm do dticfs,

ii4



-mesores anrthropositriques tres pricmnes,

-csrsctirisation osesuse des sujc;iA cusparativement suit viOhitB,

- r~ttbiiesesent de Ia prenenon dan. le usyfets vasculaire aver un liqv~Je char#. de partirules
de carbonne qui perset

*de restituer le rialiese -Jo la dynasique des organee internee livassen, raideiiru, voluimes).

*d'ir ier le 'ddcoupiui.e' do cerveso pvr rapport so crIý&e en ritahlisssnc one pression
soysene an ninesu du tisso cerebral.

IsL visualisation dent mtteinten vescolajien (y cospris dei, ruptures capillairee c~ribraun.)

-rftatlimsssent de Is. pr'eneiCf pulRMoonie pour one resine en position normale des oiscirem
intrathoraciques notmamment diapliragme et. ponmons.

Cette m~thnodoogie utilirser pour In plupart des esases perset use seillecre cospr~iensiou du
mecanisan de diffhirerltes. it~alore :deflexions thioraiquen et fractures de cotes, lesions abdo-
minmates par nzoos-srirxage" sn~c-ieinture de ecruritek oo par impact direct ea oboe lat~rsl.
ldaions cranio-cer~brr~es, fractures do la ýolconr vertfbrale et notamAnut frectorEa de
vort~brea cer' wales.

En choc frontal et e:i dine 1mteri ., de nonibyrux 055515 opt et6 efiectofa moilt dana des vdhicutes
complete, Poll nur catepulto- tee r~zultats de coe ennuis en ce gu' ronrerne le risque de
fractures cervicales nont d;-cmita ci-desacus.

2,1. Leunbsnfrssalf

Cent cwadvrrn I- t-rxi dour reiuturn 3 points ont etk tests en choc frontal a des
vitessee cospclnsc ci tri- 5U et 65 khal et. poor des ddcilirstionn soyennes de 10 &1 25 g
(
17
g a 50 11.

Comparaticeseut ton v~hicules ie,1iigne en accidents reels pour ou- arie clause do
vilinse, anhisonut' des dicii~raTioilhplus raiblee tenviron 13 g).

Colts difference lsljrrtlnte do ducltiratlnn inflne-t-eilt eur lc rin~que de tractors, cenvi-
ratIes ? Le tLableen romvar iTv'iijoe got, pour len essazs evec cadsvree, on Wobserve pen dr
difference siguifireulue do iegq-re pour ciero nireano de dic~leration. Cependant d'otren
conditions d'een'iis teilee quo : t~pe de reteote (aver on sans limiteur d'effort, avec iou
earna pretension), wleo.... pooi-rieut oout~rit~eraitenptiguer ce resojltut.

F0 luA If, g 17 a l1! TOTAL

ixoec impot 6/)H 3/1o9 9/37 I
tlts.1,13 1 15,8 % 4.

k=Ao teror" 3/38d 2/Z556

LfategllL -- uiu de__- -rcu~ ccrvial

Pour don churn do %ioleonc identigue!, lez occupants impliguýBen aciet el roean-
tent one r;nrues de l~surns graves do coo besurup plus faiiend 16%sastpc do Is
t~te, 2,' % over nmpact.)

- par one pulo greed,. eC.6rite den impocts fete en tents do Isut do trajecsnires trent
axiqiesK, cc qui i'net pas Iný cas doun Ia sa,,orite den %eridonts reels t impacts pine
tangeutiola dle a lýoblr'4ulne d'un grand sombre de iollismoosB).

- par nun10 pouitrlo soindro tolerance do Is colonuc corvu-nle diet 3es sr~rto tiualnus doint
IsIn oenn-, dig~res cat d 5 ue tnon cr S30 sue rho let erranoenf rfeln pour ees rhoro.
treesnkvereoi.

Las riomdre tolerance da thiorax poor lee perouses lea plum igfes c 6cC6 norifkice dane uctro
enqnuxtr- (figure 7) grace a den uixc.dentis pcrrtnure de renuturee Cquipeeu ii aiortieseurn
tool ilces le Ic oo ptirsit eubir 1.Ia .memo onI.tio

Lo 00 4oi crhiierii ea Ink"rll.cAsn~j..naj on note poor lea easane Oj in sy'-
t6mn rasrutaite du rerveao a ett reesi en preselun gore lee liamoris rerVLcalem appsrannsenit
3yqf et NUn. 16sion 5n-Sne a In t~te

-daun 3 &as nur b, ou Os erire den fracture. de nertet~ree ceovmsicsie oseoci~en a des
l6stoevý glanet I& tistlc Itractoce do Is face nt/on lesion interne?.

I.-C

AW
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P - dana 2 eta Sur- 10, ul voiste des fractures cerricales salla lesion 9rave asauciee a ta

Dlautre part, snan impact de Ia tintS, aulcune IduixR Liu Cerycu olQ d, qnpc cerebraL seu~t
observeie.

2,2. Le sbgatrnl

42 su~jeta out 6t4 tills~ dues des chocs interrux divers duet Is moitile jour den reconati-
tutivas d'accidants cdels et 5Sautrem pout dles duplications d'esuais efftctuei. avec voles-
taire, RutX U.S.A. leussias EWING AV u 2V ks/h -ý aoycn a 7 g at 1.3 g).

Aucun de cem 26 cadavres ne presensa~t den fractures de vert~bres cervicales comae duens Is
realitAi des accideets. 11 eat cra1 qua cuatraxcemear au choc frontal oil I8 ditftere~
d'igs des 2 groupes cat tres importante, en choc latt~ral pour lea reeueatitutioxti d'ac-
cldeats lijge des stujets utifanis 4ited relativement proclie de celiii Ies accidentes.

Pour lee 16 autren tests, on cc note qaucu seaI can de fracture so niveau de t'apophyae
articulaire de C7, main lea conditions de -hoc etaient dPune senurit& excessive par rap-
port 4 cel lea des accidents ridls.

S'agmnsant den leslions CIte, on observe po-, 2n den 4Z sujeta iejectes currectaeset. coný
do lisios dx cerveaud!n o OfLsnoanacLu&tAA...&IS L . Pour- ces 3 cam, onl observe se~loaes~vt
an mincemeat dt grande amplitude de Ia t&te

Certaines l6imons Isaliinie traumatiqee, importaete, coma utale I oo Ill chns leo uccidentes
oit us impact sivine de In CitLe eat difficilament ponauble contra Is vitre latirale,
pourraiect, peut-6tre s'ciipliiiier Sinai

2.3. Lea assais de chutes

De par leur simpliciti-, rcc essaia permettent sue analyse pins precise de l'iuflucaice de
diffirents fucteura aisci pour chaque escuf os mesure:

- isongle maximum de flexion ds Is Ci~te par rapport as thorax

- l'acciliratioe anguasire ds Ia Cite

I- 15itease augulaire de It Ctke

-le IlIC (Hfeadf Injory Criterion)

Lanutopsie dlitaillec de Ia Ctkýetc do colt permet de dite-raiser i'viseable des teniojis
compris celles do cernean gui a ktýresmus en preseiva.

a Ea cc qui concerne lea 16sions cervicales, lea risultats des deox Serien d'esais
(chutes frootales et latiralauf mont len suuvantetes

*en chuites frostales,. lees fractures Apparaisseet love den angles d'hypercxteeaion
tb-te/thorsn aupirisurs AL 65' associfis i& des vitesnes angufafreBsaupriesures A
45 raI/s maim ces fractures cc sost pan systesatiques ifigore 81

*en chute,; jatirales, if y a humisi cernicalr sal-deaesu de 53' dWangle de flection ct
dc 50 raI/s Is vitesse angulaire (figure 9).

Ccs frac~tures ervicalsý von'` asucuss a deu, fractures nt/ny l6sicen du evv

tulea can en cnluteu 21rostalseatc d"an 2 cay stir cen chutes I&tirafes.

aS'agasuaat des lesions du cae.-eau, 70 X sont mituties an niveso di, truoc crerbral. flies
mostI I'sm1cui~em. dana 70 2 A lea fractures do crhne 00 d~e Is face en chutes frontales, ct
esui.emnt dana 20 X e chutes lat eales.

[in HIC Is 1000 eat conalidre cosine Is valaur mailman Coll-rable avant appa-ities de
blessurca graces A Iae Cite, II eat dose lnt4reesast pour l'enmaabfe de ceu emnois In
comparer ces valeurm Ie HIic calcium~ pour lem cam avec, et sans l6iavn grave & I& Cite;

- e. frontal, les HIC varient de 516 & 2351 (soyasne 1232) pour lem cas avec blemmocas
graves at be 692 I& 2139 pour lem cam de bleasuresmaicenres (soyasce 1282);

- es lat~ral, lea HIC variant Ia 641 & 16001 Imoycasa 12011 pour lea cam be Pleasures
graves et be 899 A 1665 (moyernca 1229) pour lam caa de blasmurem s1ineurem.

Coapte-Ccxiu Ie cam r~soltats, la valeur limits de 10O0 on toute antre valetur gaemble pes
crdilble Diour pridlia l'appanitios b'uns bleasure grave. Le Eli? o'amt dccc fae qir.
critAre neei..-5t a 1ý z'u ;.." moist aloes Ie ou lea critersa pertinauta

P _ _ _
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Certainement one combinaicon de piucteurs parametrec :lIlt, %itesse "ngulairo. accele-
ration angolaire. Le Laborstoiro et plostoors autres 4qotpqs etudient actueliement lbn-
fluency do can dorni'era paramktrec. uro etude o.Tfectui-e par Io Laboratoiro avoc does

boxgrs ot-lyIntiLrfl moutre quo des vitesase angolairoc d- Is tdte do 45 rad/n (3 us) et.
des acc~l

6
rctions angulatrem de 8600 rad/s2 (3 au) cont acoopt~ec cans aucune aIltIrs-

tion physique et physiologique. Lea valeurs maximaiec correupondantec utteignen'
48 rad/s et 16200 cad/cO (2,3) (Figure 10).

Cotta figure d~montrs cuasi quo pour doun cujots h-umains piscdc dana no mnme vehicuic,
(126.1 et 126.2) acule 1'accdl~ration ar-gulairo eupliquec is lý,uioo c.ýr6bralo grave diu
126.1, lea Hit prorhoa no persetto. pa Pici encore one distin~oiio ontro leaion grave

et absence do lhcion.

Lea diff~rentc travaun do Laboratoie- not permis entre autre doe *ettre as po~nt on coo
biofid~le qui 6qulpe actoellement Ie mannequin EUROSID (4,5,6).

Qoel quo colt u.- type do choc, le-, fractures graves do Is. coloreC r ociCaLc nont roros darn Ia

reaiit6 routik-re, elics no coot prtcsentoc quo poor 1,1 2 den; accidout~n ceintnr6a.

Bans impact do Ic ti-te, io risque out do 0,4 & 0,5 % p~our 2 % o,:oirou aoec impact.

Quo lea I~siona sniont minturoc on graven, ion fesmec pr6contount Za 3 fois plun do riuq1:v de
l68ions d. coo quo los hommes.

t'1apparitioo des l6sinoj Iii con out rolativomont iodipeadante de Ia 'itoune et do Is dec~l/ra-
tion scyolne do v~hiculcv an coorc dn chor qou'l y ait impact on -on doe la t~tc. tea d~rO-
liratloec soyenoec poor lea chucst Ion Plus vloloate bUoot do l'Ordre do 16i A 16 g (maclanam
posaible A 35 g} pour des variations do vitenco de 50 A b5 km/h.

Los easais avec cadavrec permettent dc v~rifier quo, ensbgoflgnKLji

- s.an impact do 1a tate, ii. o'o a vue do Itsabn du cerveni (comae dana 1^ ri-alit( rout ti~e) et
quo Is risque do li-nion -'crnral grave eot. toujoors tr"a jof~riour au riuquc nhneru6 ave
impact do Is tit.e

- astor impact do Ia tkto, cec fractures cervicale" upparcinuvut pour des angles O'hyporevien-
dion tite/thorax do i'ordre do 60' nnuocitc & does vitosces angulaires 61eovac 50 rad/u.

En choc lat~ral, 1'snoociation do cec deun amome oritdron, pour don valeurs volumnes d'angle doe
flexion et do vitesse angolsire, d~stormine lapparition do fracturen do Ia coloono cervirnie.

F *..04 - - -
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meabren (o "lnne f4e.bres
Thte Coil Thorax Dlrec Abidomen Ilasain

Soperieuru Losbatre In7frieur.

AIS 1 504 164 509 335 74 116 103 549
31,2 10,2 31,5 20,7 4,6 7,3 6.3 34,0_

At$ 2 193 16 87 9.9 17 41 29 103
11,9 1,0 5,4 6,1 1,05 2,5 1,9 10,11

en %

1Membres (oloane J ' Meahres
'I-te Coil fh,,rax 11o-so AIbdoncn bab.in

Siuperieurs Los at ore- lr.ie-,c

1205 1 29 93z 79 27 3(l 1 7
15 1 31,6 8,4 26,7 ZZ,9 ] ' 6. 7,4 j,O 2ý1,7

AIS 2 44 .1 ;e4 13 j 13 14 75 u
12,7 (I'A7 -,,( 4, ~ ' ~ 4,4 4,71,

CIIOC AR91ER7E 153 OC4-CUP-ANTS

f 9,ojr- 1- M-1j,n

1,4 11.7 ,,ra, I,, An,,rpor'

AIS 2 1 O 4 0l Z, 7  T 3 <

Tlbe r-equence de. 166io,,s selon le type de choc
par territoire corporel pout lem occupants
cejirtur6s Ithor unique).
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fESIONS DU COU AIS ýF1

Violence du cho- P'as d'impact de la tete Impact de la lite

AIS = 0 AIS a, I

25 ka/h 47/5;t9 5/67

8,6 1 7,5 1

26-45 km/k 56/501 34/253

11,2 I 13,4 %

45 kv/h 5/62 17/184

8,11 9,7%

LESIOMD CUAI ý

•iohnt( d. choc PAs d'impact de la t~te Impact de la tote

AIS = 0 AIS >. 1

25 km/h 1/549 0/67

0,2 x 0 %

26-45 km/h 3/571 7/253

0,6 % 2,7 x

45 ka/h 1/62 4/181

1,6 % 2,2%

Tablea 2 i Fr6quence des lAsitns du ;,ou selon la violence du choc
et i% pr~sence ou non d'un impact de la tOte en

choc frontal.

LM



Al-ABlREVIATM I)NJURYSCE

AIS I Plate asperficielile, contusion, douleur, de la facýe ou do crkne sans
perte de connaiaaance.

AIS 2 Fractures deplacces onl non den on dn Isk face On dvn crane aSOCiL~es nOi
non A des idasons dol cerveau perte da connaissance brhse us
importante, coma, hiimatoar noun at extra-dural ....

A15 1 Douleor, contusion, entorse do rachia cervical sane atteintv nreurolo-
gique.

AlA5> 2 Fracture des apophyses, peduculen, noi corps de la sertebre cervicajie
a'vc on sanis atteinte nenrologiuor.

(1) Response ol' belt restrained subjects in simulated laiteral impact. tI'ohn D. (lorach,
Dennis C. Schineider, Charles K. Kroell, and Frank D. Hoesch) 1791005) STAPP l9i9.

12) Investigation of Relstiosbips between Physical Parameters and Nrsro-Ihys Lological Response, to
Herad lmpacc (Contrat DTSS-57-86-C-00037,
Prepared For : DT/TRANSlOPTAT1ON SYSTEM Kendall Square, Cambridge MA 02142.
Prepared by ;Laboratory of Physiology and hiomrcklauacs Associated with Peugeot
S.A./Renriaslt, 132 rue den Suisses - 92000 Naniterre FRANCE (Junoý 19bi).

(:t) Methodological aspects of ant eoperimental reuecarch on cerebral tolerance on the basis of
hovers training Fights. IF. Chascuard, X. Trosiseille, Y. Pilicemaille, C. Tairrio-el.
Laboratory of Physiology arid Biomerhancs Associated with Peugeot S.A./Renaiultl (FRA4CE,).

14) Thre biofidelLity of tNbc Eurosiel neck (P. Beedjell1al, C. TarriOre. Lahoratolire de Phyvuololg'Q
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A Comp'f SimulatMon Modei FoPa Studadng Cervical U-piw Injuty Prevention

P.A. BesW, Ph.D. and P.P. Wells, Ph.D.
!i I:COpOrtment 0f K:natiik)U_'£y

Univalv' of Waterloo
Wztnrkjio, Ontario

Canada. N2L 3fVi

SUMMARY

Cbrvical spine fractures, particularly of t!l e ba,'r. type due to axin cmor•rpnresýw-i
loading of the s.pine, havw been a p. oblem ir. sporltaiend ransprir.ic,:i. Such injuries
are usually associated wtth i head ,2rst cof'ision, in which t',he hiead strikes a rigid
surface (e.g., wind-creen, dashbuaid. etc.), with the neck lpa.rtially to fully flexed. A
computei 5imuLition model has been developed es oari means by which protactive
davices can be eveluatee. Trh, model consists, ;f two rigid masses (hAud and torso).
three spring elements (dashpoZ:, and rion-tinear springs) representing tho -eck ar'd the
•ompliance of the cmnr;iurn end scalp and th-ee optional spring eloments taken to
repesent the oharacteiatics of pioie.P",' devices. Zimulations using tne nodel, at
impact veloches cf 1.6 and 3.0 rm. sec". suopo.t tt'.,d to maintain cervical spine 1cads
at a non-injurioLs level (e.g.. below 2000W) requires a padding material ttlickness
incompatible with wearing F, helmet.

INTRODUC-!ON

Failure of the cervica' spne, with la'companvinig spinal coard trauma, has L,6en eponeco to occur in such
i aieational and spoiling activities ss. diving into shallow water (Tator and Paln, 1981). Nort11. American

football (Torg, 1983), ard Ice hockey (fTaor and Edrronds, 19S4, 19801, and in motor vehic.e accidents
(H'euke, et.01. 1381) The rasuftig traunia is often due to axia! compiissive loading of the cerviosi spine,
with the neck fle.,ed or partially flexed, leading to fracture or fracture dislocation at C,. CG, C, (McEI;taney.
eta,., lI79, •Mmctt, et.el., 19,8; "'ator and Edmonds, 1934). The noeirological delt.. imposed by these
injLi.Pi,; is signm-ant, with prim'nanunt qJidriplegis a frequent outcome.

In uovtteon, the prub;ctm of spinal loading in pilot ejections, due to ecce!emrat ioGs d&leted upwara throUgh
the seat pan or thtougththe sacrim, has bearj studied intensively. Yoganandan, st al (19 7 i hava povidltd
a comprehersilve review of several spinal ,nodule which have been developed to investigate this siuation.

Se,,wal ppers have recently been published (Anderson, 1985. Ktruson. at ii 198km Vandcrteok, 1938.
arid An-on, 19%7) regardin3 the probicnis of high-G loading to the recks -f e;rcrew, particulsoly inose flyinghigtiforto'mmioe ;rcift. ",The, problems enonlcuitered were usually rdlated to soft tissue anc inc-uded Such

injuries as c'sl o W1,0 ligaiTernlls stralFt,z no their a:ccompanyirng pain And disablsty, as well as namns,
to norvo, ioO.s with conconittarnt pirestiieoia and disrcomf•t. Vertoeral fratoure :n the cervical reglon wi-s
nol report•er. Ilovivrthelusa, the po.v•i;•l 'or .orlabral fmi-rt;re, olu to axial comprepcssion from) crown loading
as a rtsuit ,'it contatl wlt A ,' ..%; ot iie aircraht structlre contirles, and the prob'lems essoiated wiOh
nrei£,i-t,,ern s•ch s-,i:riI N, ilisciseJ In this lscar a ccsiuiei s5iouleti,.on model for Pvlieting the

ivenoss of protec•.-'tive padding, placed cihor o: z sho imparc ourfcc or within the crown of a helmet, wii
b. prcserrrd

INIt-ACt SIMULATIONS

Our concen with axial compreso&l.o ýIoclding, and the cervical spine fractures that follow, has bi-uri
d;icted towaro an udUerstardir.g of thie biornrechanlcs involved and with the development and evaluation of
strstegies for its preventioi. Out first efforts involved a number of mechanical simulations using a Hybrid I!l
tivedJ and neck, it,'ur~irr,-te w'ith a sx-aas force transducr (Dernton Electron~cs) and attached to Hybitd
II ti-so. By r:'.munting 0is durTmiy to a pendulum device, it was possible to propel it into al fixed barrio-, in
free fligh;, at a known im.npact velocky. The forces and moments of force, recorded at the transducer, were
dipti ceo and stored fkr analysis using a mic o-computer-bosed analog to digital converter sampling of 25'00
H?-Ic UsJrg this system it fi-s possible to very the inpact environ•nant by fitting the ATD wth different helmets
ano crashing it Ince different impa;ct surfaces. Results obtained from these simulations (Bishop and Wells.
1966) 1have beoen very uor -Vul in helping to claify some of the bionnechanicat factors associated with this type
of inliry

Thtes studiss havr, also been useful In helping to claritfy the problems of maintaining low compressive
forces on the cervical spine (i.e., prevrntion) through the use of protective padding, either on tho impact
sur'Bce or wtti a h-slmet. Our results have shown that the AID is decelerated in stages, rather thrn
uniformly. The head, in striking first, comes to rest but the torso coninuas to move. Thi neck, trapped
barweon the fixed head and moving torso, must then exert a large reaction force in oroer to stop the torso.
If the energy of the torso Is large, the reaction force exerted by file ni:ck will likely exceed that which is
tolerable and a vertebra! body fracturt will result.

k5:2 !t
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COMPUTER SIMULATION MODE..

v '2The methodology used in Tha mecim nicl sirutal'.ins is costly arid time intensive. An alternate approach
to (valuating surfa'ce arid/or helmet psdcdog combine dons has been deovelopod (Wells, Bilhop, eno
Stciiens, 1987). It in-vo,'ue a compui 3r simulation model of the cresa' situtions conducted with the Hybrid
Ill lead and neck Brifily, the .im:nl'rioii model consists of a human representation striking ft rigid surface.
heao first F-igure 1). Th,; body is iTmodelled as two rigid masses, the head (mi, and the torso (mJ (i e , the
rest A the body)•, .hi nbii( as two 5p ing ilements, a•id thin compl:ance or the scalp and crarium as s third
spring emrr;nt Three additionsa, -i. optional, spring elemeiits are included to i epresent the cberacloris ics
of prrjtle:fiva devices suc.h as eP. im;nuct surfac:, which defiects. padding applied to the impact surftce, or
helrrmet oaddvrg. etc. tEach spring eeimont ricluu'ss both a dashpot and a nonlinear spring to better simulate
the riohl,-nea chtracteristics of hioloigicel tissues end polymer-besed podding materials.

Fig I Computer Simulation Model

___-__ - -- -- .- j
MASSLESS PADDING ELEMENTS __

The foic.e iii any element is detennined from.

F = k, ( k-I) + y 0 to+k,< (o-) (1)

where I, is an urnloaded element length represen'ing 6ithar the padding thickness v- t-he lengt- of the nock.
k, nd kjr are spr,[ing uns:anls, k isadampirgc.oiistant.nd I san inrtanteteeouseiement Iolgth. Avariable-
step foi'rth-oi aer Runge-tKutta schemb is used to solve the dynamic equations. The integration routine was
drven by en iterative bisection solver which calculated displacements for the maSSlan$ neck and padding
elements This mroJe' is similar to that reported by Sances, efat. (1984) but includes more neck and padding
elepments.

Thl m-del ,•-,rrametor estimates came from a number of sources. Axial stiffness of the Hybr~d III neck
was provided from cyzlic tests conducted at .13, 1.3 and 13 cm. sec' in an axial compression mode
NVcNeice, unpuJbleshed data). At estimate of the effect ve torso mass was made from low speed (5rm.sac
') AID impac'.s erci was calculated at 50.0 kg, while a full head mass of 5.0 kg was used. The compliant
properties of tie scalp and craniuIm were lumped and an overall stiffness was found by varying the spring
an• damp,-:i , p-,ujar6ui slii Illr computer model response matched that at experimental, non -,elmeted ATD
impacts (Wells, Bishop, and Stephens, 1987).

Sirulations are made by inputting the velocity of the collision, the damping and elastic parameters
riprese,•tirg the padding material arid !he materialts initial thickness and its thickness st the minimum orbottr.,med out" condition. The simulation then returns the forces and displacements of each spring element

over the impact.

COMPUTER SIMULATION RUNS

The dynamic :esponse of a poiymn:-based pidding material depends upon two factors, namely the
pabdinr's thiloness and its stiffness, T•e computer simulation model can be used to illustrate the
relationshrp beowoen these two factors and the problems 's mairtaining the compressive forces on the neck
to tolerae!e lev-ls.

A sei as of simulations wLs conducted at input velocities of only 1.8 end 3.10 m.sc' using the properties
o

t 
a pidd'rig meerial typically founo in protective finor matting. The velocity of 1.8 me.sc' was chosen

because ft wa the veloeny used in the mechareicaj simulations and 3.0 rn.sec' was selected bgcause it
represents the threvhol'J Of crilin in;u,-y lo the unprotected cervical spiie (McEthaney, et.al., 1979) The
elasti an:d dampiig c-heactaristfis of tri material we.e determined by subjecting itto compressive loading
up to 5•000,, using P Instrom tet; deV.;c, and plotting the corresponding force deftection curve. Theparameters ýO dohlna the ,-cu'-e of best fit were then determined and used in the model. The initial thickness

z. .I..t .

SnP Ma.tem

isr-



of the material was 60.0mm, the effective torso mess was 50.0 kg and the head mass was 5.0 kg As well.
the damping constant (k) was tailored in order to illustrate its influence on the resulting compressive forces.

RESULTS

An example of the model output is shown in Figure 2. The damping constant (k,) used was 1 6 x 10'
N.sec.m' and the input velocity was 1.8 iTi.sc". The peak force was 4.8kN and the material deflection
output by the model was 8.0mm. At 3.0 m.sec' the peak compressive force was 8.2kN with a deflection of
13.2mm (Table 1). Thus, in spite of its original thickness (i a., 60.0 mm) the materiel responded dynamically
as being very stiff, thereby producing very large compressive forces, even at low impact velocities.

Fro 2 Comir.i•.in Force at 1.0 %/sec for kS-1.6254 esmc/s

4000.,

2000.0

0 25 BO 75 IaOU
rim (tt

Table 1 illustrates the model response when the damping constant was tailored to reduce the peak
compressive force to levels below 2.DkN. The value of 2.OkN was chosen because it -epresented the lowest
load at which whole human spines susteaned serious damage during dynamic axial compression (McElheney,
et.al., 1983). With k, reduced 10 fold, the result at 1 .8m.sec' was a reduction in the peak compressive force
to only 1.9kN (Figure 3), end s material deflection of 59.7mm. To hold the compressive force below 2.DkN.
at 3.0m.,ec', a damping constant of 7.5 x 10' N.sec.m' was needed and resulted in a material deflection of
174.6mm. Since foam padding materials of this kind bottom out at appoximately 70% of their original
thickness, this material would have to have an original thickness of more than 250.Ornm to be effective.

TABLE I

Peak NeCK Compressive Forces and Materiul Deflections For SiihulationE. Run At Velocities Of
1.8 and 3 0 m sac' With Different Damping Coefficienu'

1.8 m.sec' 3.0 msec'

Peak Material Peak Material
Force Deflection Force Deflection
(kN) (mm) (kN) (mm)

k, = 1.6 x 10- 48 8.0 8.2 13.2

kl = 1 6 x 10' 19 59.7 3.2 99-3

k. = 7.5 x 10' 1.2 105.7 2.0 174.7

S.... . . ._ ,
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DISCUSSION

The results generated from this simulation 'model demonstrate some of the difficulty associated with
preventing cervical spine, failure, due to axial compressive loading, by means of padded helmets or surfaces.
To maintain the forces on the neck within tolerable levels, the padding material must be capable of uniformly
decelerating the head-neck-torso system It must be soft enough to deform or deflect over a fairly large
distance (6.0 - 17.5 cm) implying an initial thickness of 8 5 - 25 0 cm. and yet be firm enough to dissipate
energy without bottoming. Surh requirements are incompatible with many sport and recreational activit ies.
and are certainly incompatible with wearing a helmet.

On the other hand the model may be useful in transportation and aviation for the design of vehicular
and/or aircraft interiors, where padded sufaces are more readily incorporated. Padding thicknesses of the
magnitudes described here, however, are l;kely to be problematic in high pertormance aircraft where
occupant space is at a premium.

More recently some of the results of our materials testing, and the determination of the parameters to
best describe the force-deflection curves so generated, suggest that a fourth-order model may be more
appropriate than the second-order model here described. This and other refinements to the model will
continue. In the meantime, the most aporopriate preventive strategy appears to be the avoidance of
situations or behaviours which are likely to induce axial compressive loading.
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REKS UME

Lee mannequins soot laresaent utiliahs dan. Ic cadre dat rocherchen nor la Protection do Dassager
d'automohile. Cos mannequins oat 6th ddvoloppha sur lea bases acqoises dans le domaine dc It hionhcanique
du corps humain tonai. at chot. L~e con de certain. mannequins a *tA rhaiiah do facop, A orkacator un
comportement mu chat proche de celvi do lI'tre humoin.

Dana ce'tt trade nous naus propononas d'analyner. er. noun basait stur Ia bibliographic, is cintmatiqne
tridimonai~ionnllu de is t~te den mannequina SIP. Hybrid III at KUROSID denrs le b3ut deon ttudlcr lour
blot idhlit4.

D'une faqon gtnirAle, Ia hiofidtliti eat aejilauro pour le choc frontal quo Pour Ie chat lat~ral.
Ceci o'osplique easenticli~nent par Ia non prize ea cospie do Ia rotation do Ia t~te mutour do non uxe
vertical dois le dheeloppeacat des mannequins.

La biofidhliti et lea performances des mannequins reposenit nut den hases hiongcsaniquan issues
peirfois d'essais sur cadanren. Nova tantonS idi do noun prononicor our I& vmiidit6 do toms essoils puis
anialysonas les dteeloppeeents futurs poasibles.

Nomenclatura

- xc. yc, EC :iou coordonndes du Centre do graeit# du chariot data us repice orthonormi direct suet
"z dinig6 dana le eons posthro-anthriaur du sojot.

- xli, yh. oh .len coordonAlca du Centre do gravit6 do la t~te dana um repdro orthonorad direct, svce
"I dirig6 doss In soons posthro-anthriour.

- xTi. Y71, zTi lea coordonlcas do is premitre sotrt~bre thoracique dons an repire orthoncrmh
diract, mccc x dirig4 dana 10 scns postdro-mothrievjr.

-.y- yh - p71

ft:x. fty, 5A lea angle. do rotation do Ia t~te autour des axes X, y Ct z pennant par 71.

- x, Fp. Fx ion rtnoltanten don forces appiiqnhies an nxseau do Ti. solon x, p. a.

- NifY, Mn Loe rteaitaotea den momentsaoppliquls so niveso do 71, solon lea axes x, p. z.

-t La darbe du dhplacoemnt do 1i tile.

-. Symholiso Im dhrivho par rapport au tampa.

1. INTRODUCTION:

L'ttvde da Ia biof'.dh)itA do. mannoqains existants. passe par IVanslpso dlitailide at comparative do
Ia cinfioatique de Is t~co dana diffirortes configurations do chocs. Lea mannoquins qun foot l'obje~t do
cult. httde scat r0an qin Psnaehdmot an Con dhselarnihi dans Is but do tirdscater ioc certojoc hiofidhlitfi.

Cot sanneqnins (SIP. Hybrid III et HUROSIPI soot prhtentfia saccinictomont dana Is Premier paragraphs.
Dana lea dens pmrsgrr baa avivants. noas prhsontona lsa teats bion~ajanques et leax antis mannequins de
diner7s anleura, en dittiaguant Ic choc frontal et le choc lattral. Pans I* quatrihme paragraphs, nova
i6voquous la question des crithres do tolkronce ci lea poasibilithe do ditecter lea limitem do tolirance an
mayan des mannequins. hes dciii darniars paragraybes Soul coneacnia reagectivement Aux problibaes Poaits par
icrinins £1 la fiatililt den donn?Žea -tiosdcaniqves, at sex dhvelnppementaL futura dam mannequinsaet des

procidurec d'esant.
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2. PRESENTA IO ES MANNEQUINS

Co nannequin do choc frontal eat Io darnier oh, de plusiouce ghnhzctions do sbnnequins dlivalapps so:
USA den ale cadre (.es rocherches sour IS protection does pameeglers d'outomabilee (1,2). L* cou do t'Sybrid

III a thot~ coaq4u deans tin souci d'une plus grand. hiofidhlit6. Il s'agit d'une structure cylindrique A base
d'6lantoahcs at d'anceaux en slusinioc. La coaportevent dlaeyuhtrique an floxioalexteauion a 6th ubtenu par
des ontailics amnaagkea dons is partie #ntirioure du coo ivair fig. 1). Un cible do prhcontrsinte passe par
l'ax. do coo at limite sinai sea diformations en traction tout on facilitant Ie cuntrblc do ac loi do
cosportoeaet. beo plus cc mannequin pout ntre Aqupiph dun capteor dg forcesaet do moments au nivoso do IS
jonrtioa occipittle.

311)

L1e sannequin SIn (Side Impsct tDumpy) destin~iA l'6tudc du carps bosain sn'unis so choc latdrel a iui
Sunni 4th dhoeiopph aux USA- Son coo so prhnente soun Ia force diune simple structure cylindriquo dont Ie
cosportneenc en fiexion esot le eas queuea que sait is direction do macant appliqod (Vair fig. 2). Ce coo
ost idontuque an con do Is Part 572 ot as& pas fit6 rblatos dana le but d'obtanir une boonno biofidhlxt6.

KUROSID

A l'arigiae do ce mannequin de choc lattrel. nons trouvons diffhronta pay's do is Comsunauth
Eutoptonunn d'oO $a dhnOciaatina: European Side Impact Dunky. Son con a 6t6 d~velopph an coin des
laboratoiroc do l'Associatior. Peugeat -Ronault (3,4)- 11 so sabdiviso an troas parties :Is janction
cou/tbunas. i'iaterfaco tAte/con at Is partie controls rhaliahe en hiastocdra (voir fig. 3). Dons cetto
configuration, lo coo perset do modular Is rotation thte/cou et coo/thorax, road possible uno transimtion
pure dlana Is prenikre partic du moivecont ot provoque one torsion do coo coeibitkic avoc la fioxion laticale.

3. LE CEOC FRONTAL

Cotta configuration do choc oat is plus triquonte ot coost elleausued qui a fait l'objet du pine
grand nombre do trevaux. Lea principaux nut' nra qui nant A l'origise des donahes bioshcaniqnea 3or le cou
on efloc frontal soot a.J. MERTZ, R.F. NEATHZRV et C.C. CULVER (5, 6). Ces travaux monts Bur den volontairee
uonft 6re' cosparda suxt tests offectu#s aver lea mannequins HYBRID 111 (7, 8. 9) en EUROSID (8) par JR.K
FOSTER et al. N.M., ALEX at al at F. BERDI7ELLAL et al.

Lescai do dchc frontal consists A d~chidrer no chariot aur leqool opt assis on ceinturh Io aujot
doesaci. La description ditailide do is position du mujet set dann~c on r~fhranco (8). Les iaieurs d'entrde
qui caractiricent is shvhrith do choc subi sant Is vitosse at is dhchlhraticn do chariot ou Is dlchldretion
do is presidro vortibre thoracique. Lea parachtroa do Sortie qni dharivent Ia cospartosent do con aant I&
position, i4 viteuce. l'mcchihrationat eIs position angulsiro do la tRto, la dur~o do soivenet do I& t~te
on lea hihacnts do rhdnction an niveau du coo du torsour des of~orts appiiquha A la thte (forces at momoota
trensmis par Io coo).

Un douxihce type do doannhom issues d'une sutre prachduro dCeassi, coat lea coorbon dounant Is moment
My en fonctiun do isongie do fiexion an doextonalon ± ft. Con coorbo, coat obteaucs Suit par mime en charge
do la thin. Io aujet rostant imcobile, suit directecect & l'aide de capteors do moments pour lea
mannequ ins.

Outro le cepteur "45- axes" douriant lea forces et lea mocnstn so nivoso do Is Janction tite/rau lea
mannequina soot pourvos d'un aectlhroehtre conoaxial so niveao do Is presihre vorttbre tharacique et d'un
triexial an nivoan du centre do trauae 'ne is tote. Eatin. i'ensai ent onregostra par cuahsstogrsphio rapids
cc qoi donne accho sux patsshtr~ea do positions angoisiron.

Les donahes bionchniques dn tableau 1 soar issues den rhtdrencea (7) (6) at (9). Cos donnics coot
rolatovecent incompihtes dena s I&meanure Q6 aucun peramitro n'est ryathmatiquement centianni. Do plus, an
aivosu des efforts appliqu~s. eucuno donnde bioacraniqueo nest disponiblo.

Poor ion csanas vonha sut 1o mannequink HYBRID 11I, 21 asoque nouvent lea conditians doentrho. cc qoi

:atpdche touto camparcocon entre lei; diffdirentn essais' Ea rhfhreace (B). cepundeut. noun obsarvone L'os
adrie d'esesis A stvfriti croisnante spec un onregistrocont des divers paromstres. Pious pouvons observmr
quo lea angles do flesion caxicom enregintrhe correspondent sos velours donnina par las ealuntairas. gs
rhferoonce (3), dna nests comparenifs ant coatrh quo l'HYBRiD III a on compoarasoat prudhe de rolui da
nolontanro en cc qui concerne let dhplscoccnt posthro-anthrieur do ic t~te at l'acc~ihratioo do cc couvasiont
(WO et Wh.

frontal- Los observations faiten coufortent nonro antente puisque lea Yale-ire anregimtr6om ahdloignant
notoblacent do cailec Amanant des volontaires.

Loraquc Is charge eat diroctecent appliquho 6 Is tine ,is "loi do coaportesont" do can Peat ltre
apprachee par Ie coorbe donnant Ic moment en fonictian doc is position ..gualira do is tit@. Coin ciurbes M -I
f)0" an fleicon et en extension Bont danahes en ftpiure 4 et 5. Dous y auoerpoccnm les rhsaltats roletide A
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I'HYRRID III donnA, par FOSTER (7) sun rdsuitats do vulontaicas rappartin par MERTZ (5) et PATRtICK (18)
mono Ifors do corridors. L observation quot nous pouvons faire oet quo SOYBRiD It prdsnnto uric bonne
biafidilitt q.uont sos raurbes P1 - (Oi.

Los conclusions quo aous poununs tuxer do cotte, analyse moat qooil y a d'isportsotoa lacunas an,

n ivoon doa danr.6es bioadesniguos et quo do tanto evidence lESUPOSID teat pan biotidils Ori configucatioz do

Pour ISe mannequin LYIRID 111, lea parfozmoncas soot aoilleucea puioqu'il ropraduit cunvenkabiement
l'anglo do fiexion ft on teat chariot ainsi quo leg courtem My - f(O'y) sans, toutelojft, qua loasport
dynasique o 4ecoo caurbes no suit epdcifi6. Relotivemont an,, 44tres parashtros. toms quo lea forces et leg
moaents ddvoloppia au coors d'un castai il eat aujoucd'bun difficila d'affirsom quo lAYDRID SIII Prbsnan
co non onet bonne biofidilitd.

4. LX CHOO LATERAL

Cosat A partir des armies 198S quo Ia rarherclie duos It, domains do I& protartico des Occupants d¶e
vibirules a attscht one impoctanroi cansiddrsblo an chat iat4ral. Lt3 Atudes bioadcaoiques ant ktd&
effoetuiss d'abord sur des volontaires par EWING et al (10) at par WIlliANS et SPENNY (11) puls our des
volontaires at doa cadanres par MERTZ (12) ot DEODJELLAL et aS (13). COo oBeale Lends parsll&Sasont ur den
volantairos et des csdavrss oant oblig6 Las chorcheors A diotingoor deun nivonun do sdvirit6 des tints: lee
chats maderds (N) at los chocs adverose (S). Les 6tudon consacrdcs so maonoequin SID ot EtIPOSID quo nou.'
suroos Secession d'analysor sont issues des references (6), (13). (14), (15). (16). (11). Au cobra d'ur.
toot do choc lateral, Is sujet eot asois ot coirtturA our le chariot aoi cot olors acckl~cA lenteseot pois
dic~liri talon ono lot hien ddfinise. is description d~tsnlido do Is rrorbduro doessai pout 6tro conroilt~e
en rhfir aco (13). Leos ptrasdtrec doentrdo at do sortie do systime soot leg simos quo pour Ise thor frontal,
A macair. relatif so chariot, & la pramikro verttbre thorseique & Is t~te at son efforts eln prdseuca.

Tout comae pour lea sollicitationo frantales ±1 exnsue, Poor le choc latdrol, des nannals Paces soc In
missaen charge progressive do i& tdto cost enrogietremeat siorultan6 do momont ot de Is rotation do Is tote
colour da l'ena antdro-postdniour.

Linstrumantation des mannequins do choc lateral consiste simplesant en des sccklkkoadtreo. i'nn
muoussial so oivsau de is presibre vortibro thoracique. Soautre triauxial au niveax, do contrs do gravitt de
is Ot~t. Lk Oscars les angles do rotmtnco de Is atot soot donodo par enregistooeoet ruromatogrsphique
rapide.

Dran% le tableau n
0
2, noun ronnignons lea rdoultats qui constituent Is base non doanndo bioadrsniqueo

at dos splcifica~ti:uns ISO noons den rofdrencos (6), (13). (14) ot (18). Moos poovons rotor %cut dohbord qua
Ien doonndn moot rettteast plus completes quo poor Ia char, frootal. Do plus, noune disporons Poor *en
priocipaon parnaatres. de rdmoitats reimtits & dens niveaur do sivbritA, K ot S, rorrespoodont
reonertinarsoot sun voloptsices at sun cadoerca.

Lea valeorn relatives nun osnais cents son Ia mannequin SID nouns soot proposdcs done lea documents
rifdrenrds (14). (16) at (17). Laos le tobloan n

5
2 noun absorvons quo Pour des chars do sdudrith modorte.

is moovemont do flexion Satirsie ost coovonablemeot roprodnit. mats qua l'scctldrstion solos !'axe y et is
rc*4tiao antouc de i'an % de Isn ttn soot pao on pas prises on romeo. I-our its chunodoo a,&
diffkrenros snot lea valeocs hio'ndcaoiquas Soot plus accentohcs enco)re, puisque Isccthiration de Is
presiAre vortdbro thomacique at dans contains cma langlo do flexion istdralo da Is tile ne cenpoctent plus
les spdciticatioos ISO. Enin 0005 on dioposaBn d'aumun nhsoltat relatif sun srllicitations ttconaiseo par
Is coo poor Is simple raison qu'iS ny a pets do captours prdcos A rot offat.

Poor lESUROSID, on grand numb-s de rioultato sont disponibles at noon prdsentono ao tableau 2. rena
janus deA docomonto (13), (14). (15) et (17). Co mannequin rtpond convonablament too opecificitioro, ISO
dana lea configuraticons do rhoms madirin. sent Poor ce qul sat do diplaresont Vortical do Is tktoeut do son
sonic do rotation sutoor de l'ass z.

Los choar plus sdvires sastlant moons hion arppochar is "rialitd poisson s'ajoutent sun paraottren
dhfaillants citea ri-demons. Iamrcilhration salon, lane y do Is t~te at do Is Promiere vertebro thuraciqoc-

LVEUIOSID n'dtont pan pauran do raptoirs delIforts au niveas du coo, nuns no disPoonan Wauton
rdsultat rolatit A ý-os parasetros so roots dosioa doc;------------------------------------------------------------------------
dlinstrua~anttian qui osplique 6gaisment In foit quo nous na dioposans d'anruon roorbe relative sont
mannequins qui poimne Atre superpon~e sun courbes moments-sngle do flssion lathralo tapportieaen figure 6.

En conclusion noun Pauvans dire qus IQ SID prdsante 000 biafidilith asses roatnointe et quo l'EtIOSID
a on roaportement plus pracho deo s9dcifimstiono ISO- 11 sot & rotor cependont quo 1lang0le L rotation
autour do lane z eat mal opprumbi qool quo suit Is masnnaquin considdirb. Dnon Is cam do chats mhvices. Les
Loonies bioairantquea nous semhlont pen fiable, an in petit noamir do tests dispaniblos sO lea fractures
oboerdeso mou let radaires ap-% es ani. Lo point sera discuti ultrieiuresont. Sur It Pian dYnamiqus. tants
&valuation de Is biofiddlitt dos mannequins s'avino iaposaible puisque rootcsiremont auz. eta Lu chat
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frontal eQ nails dtupoaocna dos a~ntiE dans 1. ceo doe munneqoons main pas dsýiios Iva molet ar.otoenquca. 10
noon aunts lot of Cotta t-OueSLxa Par It ccii 4es sutri.e anatumifquoa oass pas des ooflneqtiuns.

S. CRIERES D3E TOLERAN1CES

Los recliorcho; soc lea odutaoanues do lesions curvicatlos out bunt~l A dos Critducs do toidrances au
nivcau du con. qui soat cxpriofe so tormsos dynrsiqooa C :iRuJ13tiQUQ3 (6,1Q20) . Au nivoso dcr mannequins
con critiros davionseut doe fairnOS Ultisioo A no pas ddpoasar et 1e5 pzandeiixn Physiques gut dfilnoasont
corn vrotdros dojuont coustituor leosnorties ou lea u~alntiitn d'ur esase dci cboe. Loif eritdro actuolleoont
r~teflua pour its 16idaisa ccrsicaeos mont Ions rnounts manxious (ft - 1. 120 Mus, MlY - t 11.0 No, My -- 57 N..)
of Its forego rnazionees tranasloon par le con (5x - Fy - 1 040 a 3 00:) N, Fr - 4 350Mf) Au noooau
cltftMatiqzie, lea -irnitos aoiesntss oat otd fix#*& : Ok - *± 1V0 0 - 70c, Cy -- 900, ft -+ 700.

Lo prosier point quo noun pc~uvuon rojrotter eat quo 1'inotnuuientatioz uctuello (us sunmequins .10
pocoot. pota do assuvce tea patoAt~rus at quo, our leo saijeto fntomtOatQen. c55 valour, ne scit pns
oyatkootigusaant eeicuiden 0 partar dea doun~ea cindzutosraphiqonsq-

Du Poni'b do rue des do~nnon biornteoniquua ±1 taut, signaler quo lea paraeitren fivaot len criltron io
ncnrt pas inddpendantet, puisqus In ddpanaemAnlt den liu.ites cirdrnatigues eutrain* In dhpnasuinunt den lIsntea
dynasmigusa or vice versa.

It taut roiasqoqir engults qu'ai-couo lisito do tOidrance tiest donutse telativssent At oite quo, d'uos
fdotto g/ndruio toiitua Iton lisiten sent donteAs sans quo sojent prdcmnsae Inn conditionu do vltoanon et
diigZctikdetLiina dQ3 oo0UuerNota Cludl~s.

Eoiifx, Ie. coxttres pruposA Ano pionuont pas on ocopte le risque de 6itouur pr~iloquen dung tiun
conf igurations do fluxion rotation iex 4- &0) qui sour pourttot etlectivvn5 an ran 4L- thoc luttral.

C. LýfliTES LES IOMNNEE2 RiOIECAiQUIZS

Loseastais &i COCoo utiljaunt des vcoeutluren pour ILtetud Cii comoertoeouit dynaisiue iou corps humanet
resrerout. per nature nonz, den Al9mentn do base fondasonen-tux daun loe deunibon blorntoniqunus nsruuit de
riftrone A l'61aboretion duo kaonnsquinn. 11 20 tout pas ouither copetilsul quo ceu ermasn ne noQun donrotunt
peas do r~inui

t
acs pour Ivu chota adudrern et DO noun psrocttrnnt pan duaccddsr nun critdrraj do tolerancus. ])u

plus noun pouveon revootc.Clii. ces tents quo It aujut noucts au tent unnis pun reprkdncalt:if do :4
populotton ýouilrnI 00 ýxuquo et qu'il saettend I subir on Colin? cc qui n'est run toojours lecalu duos Is
riulitA.

tutxio.ulion no tudmsrcs pour is ddoreaunntios den r4.uuoo 0u choe di uorps hurnain rupnue our dun
bypnltbdaoe gu?. no souit ps tuojours: satintaitsa.

11 ent iuppost, quo Ia structure oque--ottutri.u dui ceaucor no an trouvc pas cbongas np-is 'A sort. Vu Is
na~tUcoeliuun umnite do matdrmo oa, Conto hypotbtae $emble juausu~i.

Il Den v5 pow 4o oJ61eo pst contra pour ikt*c.-ucith ousouloiro 0t puir lea Actions ligaonotairon '.vi
penuent modifiter tnotohlssao lea connditicmý initxiatcs do Vosani. Pout den ispululono LrOzen, It systh'is
neiirok..oc:lairo n'iat certot pes ceainb~ us roorutnt len ?05up0500

1
5 uttilu dog muscice. Cc sont clots lea

eoapusants pasoiff et Its laganuIntn iqui luterulehienou 01 tette action o-at &rstonuoroot ditftrento our It
IPloart quo our I*, Sort. Cutto Ci1t~renc dons Ita lois do coeportoseni des erluculelions o ne inflmecte
eiqiguficoutnc eurc lanpmnno des aujo1ta, uotnamaet on tormos Io valours Wxicdees don ptrarnitc's dysernlquen.

Do piu.. Its codoororn bttsný or eliot lut6iai proasnoest iotuvent don Ihsiomn groves soil so nzvcau do
coo arat Ci nivIMU de Is n6ne dursart., ce gun risque ganlorset doalttret Ion rtsomltotc.

Cofis ci pout taremner, le eod~ure ac pot-rd j-an.i itrr Loath quoUno souls feilt et Ia dinpernior des
proprztttOu a6CPrt-iqu ites quolcttee dss sdjuta ocottel~ touj)nca iapcortanto at dtfiloile tiitjini useisn It
tzpltatout dee itnultiti.

(:et onseebie d'inoonohniento g.e pzideonol 1-. tosts offectuda .ini des eaduoros dojt noon asoner A
no-is iutsorn~gr out Ia etlidild den donudos Llcmdcrutquou asston nor ce type doosnies.

7. C2IE$iTATIQNS FUYIJAPS

ý-paraUrapbo. connaecc our Lixeuleqticas ooieeuaiblcs po-ir lestlocru~tion do Is bioftdtiith des
suneouseuu. tint sbivkidush an lrid' parties co.osfrrdos roepsotivofeut it laspoct bicihenttquc, au prubllio
din saauoquiab ot ou7 pro-.hduroo d'eeeu~s. flant tout. r6tlcaioa it tout dqeiosunt. ivoir Alosprit lo but
A &ttsindrs, c ent &dlit l'utillootiop as saunogniln.
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La proauire lacqna constatic dans Ins doitthas biomtcmniq it s osmitre AV Utucca de a icdtorsination
doe 6idmenta do rdduction do tragout das efforts cppliquic & i tAte ,it roars C'ur. eZcai db choc. COO
donnese, an larmns de forcEs et di moments, pourraisot Atre calcui~cc cisdueint i partir do l'onrcgiarrescnt
cinidsntoCrap).ique pats co~l'picmfc par lea coarbes accosts oni tonotion darn angles do rotation di s I&tdle qpi
-onatituezat curtainasauat liunt des ujilleaca carecttliiatiqtles du coo.

Dass an deaxiema rasps it probi~me do Is validitA des tests ettectu~s cur cadavrec darea Atrs aboolA
A travers des Cj.oc5 A sdv~titi mod~r~e cot-dint para1limisant cur des cudavrec at des volontaires. 1a
roaportacoft da cedayre poaric #aosnleje Air. ponduIrA en tonctuun d'uo poarettre relati! A V'action ptosiva

dec vaRscl at dcc ligamntVs 13I1111 do 1104616 tath4Lstiquea dcz. lots do coaportemutt A. 0 tiass

51 as mnnequio sYBRID III sa-isfait zeaetioscan bierl can conditions A nasplar par an sennaqain do
chat fror'car. lea dA Imiliancern en cocliguratioo Ce chor lat~rel reatont isportentec pour iteseabno'uulnc

d Lei plu: :1:fcot len Centie neu, lPEUROVEt, reprodaxtt flortovecnt trdsmel Is rotation dc 1s rite

cutout dtit Sso axe et-I u o orosre d e ues&aoius a ailieu-, n a.u~o

cux forten at sax aooentc transcis pL- ctieracrticala.-ioo.

Las racharches que nous jourriolis anvis, get quant cue prorddurec de test do biufid~II don Wuas
c'oiientent toar l'Atude do Is loi de cooporresett 'A lcarticulation da cau aver I& u6fin~icic des
puiv~sdtres Carsrtq~rfictoques du ciatdne.

line tulle 4tuda devra reposde cu~r ant procO~ure deescai sisple. p-tlcin.., rIptaia racilo A ettre
en oe uvro at reprtaeototiue de Is configuration de choc 6tvdi~e. Four Is cot., in utille ippro--he
consistirair A settr e en charge Is t~to de lac;on totdinsorct contr~ldo at d'Otablir let ralatiuna qni lient
is c i ,daxtiq x:e ciii parar itren dyanciquus da syst~st. Cu, fonctions. tolia par example 1VOVlutIOn du mactn
Oni tonction de lasgis 6 accdldrctiosn euguluare veriehie. canetituaraent iea ca-tr,-es de qua;ýtificution L
is hlotiailit6 d~uaosubstitut itu co~pn cci~in.

Un example pea pricis, buse our cea risultata da tableau n
0
% eat doinnA en figure 7. ibis poavons an

cond-uce quo 1,. SID at iSIQOSID prkSnAzQtat Lne honna biofid~It pour it par&aistre ev au court des tests
chariots. s. Ion suppose toe Ins mssens n aacn otpohs

8. CONCLIttSIaOi

bars an, carrels. sa-uce. is biofidiilit6 de.s marnnquins disponjites pour Les assets de chr
Wmuoabile eat ectepteabic at, coo substitats dii cori u hacio sour largement utilis~s pans l,6vahuatica Ac is
proatetion des itaneepers.

Lett points nosirus Ge lIiir biufidIlitit se iituent lien sir Ao nirra-a dei is rotation dz is zit Cuoinr
de no.i axe vertical en coffil~uration Ge chtc hut-ral cain; d'isportantan lat-unes subsistent 6galasosi dais
lI" Idounweb hirs~ceniques relatives &Au IIIt anatomigoas

L cppr~ciation do Ia biofidklnItd d-2e mannequins bu.tie mar duo esases loardt. r'rI~exes et ater cii

grand nasbno do parac~trus difficcins A contrdler at pas toajanuri repizcrtas Ge-,r dons crarrits ccc
s'orianter vats Odan procedures Gusaaus piue ltgikren. plus sys'ttsatiq~tc at rout ausni prsero tius
conditions reelhun dei rore.
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MRSTRA1T

The Nica] Giodynanacs I aburatory MINAL ) in New Orleans lies i.,ndiictcij an exte~nsive research
piuqcnn inter lhie 1past yea's to determimc, tire headoectk ri-sponse of voluinteer subjec~ts 

t
o iripen

acceleration. tliese subjects were espuned to impacts in froutal, lateral aond Oblique directions!.
An anilyi~si of a linited Pusher of trai.fsi and liutvi a] tests from a lest series codr,,c.tedi n thei
late seventies with two sebjerts showed t-hat the observed bead-neck dyiiaoaca canl be described lry

Means of at ceanticely simplc 2-pivot aiiiluq system,.

The preseit Stedy ,uteods this analysis to rs noir recent NPDL test piiroiun Klith to humor.
sut'jects. The databsiee onsilsts of 119 frontal. 72 lateral ai~d 62? stlIiiye tests, The rtesearch
ec-thodoloqy used for Ihis analysis includes a detailed uteserititior, of thiree-dimeiition'.l
kinematics as welt es load calColationot nya1r -it and thnercapital coridyles. A discriptiiio. of this
reseacch metvodology and a summary Drtlt Ioma~jor test results is presen~ted. Special attest ion in
gicun to the influence of impart severity and impact directio on the head-ieZii dynunics. It is
shown that a similar analog system as p-roposed earlier 

t
oi frontal and lateral impacts, as

mailable to:7 all impact direct ions, kottie protierties of this analog aSp bein deter ..ivd b)
meawia of newly developed numerical tochnisies suithr thao throuogi the graplhical tecnmiiuesV that
were used earlier. Fiojndung of this analysis are discussed ini vicev of futote msnni-onectiunal
arch :;cal peck, deveii'pseots.

ýtrs Stiaý- rmm asj ,iuoreocaitns ýlier at tlv lWf6 aiiN* Lax fiat, Ibiferorur.
(W~ glorxs tkl0i3



NIMAS'REI:NIIN'i 11 (INIQIES, EVALUATION ('RITI-RIA AND INJURY PRORBARII.ITY ASSESN MENT
METIIODOL•GIES DEVELOPED FOR NAVY EJEtiON AND CRASHWORTIhIY SLAT EVALLIAIIONS

by

(;eorue D13risch and Lawrvrne E.Inker
Naval Air Development (enter. Wartninster, PA 18974. United States

and

Paul hI.Frieh
Applied Physics. Inc.. Nanuet NY 10954, United States

ABSTRACT

Head and neck injurieo havy been of particular coacern to Navy researchers and have
initiated extensive programs to adaiess head and neck response of both live human
aubjects and human analogues to crash impact forces. This concern has been somewhat
heightened, as of late, by the apparently conflicting operatioaal requirements of having
canopy penetration as the principal method of ejection in several aircraft prototypns.
coupled to the requirement of introducing night vision cap..bility in attack aircraft.
The latter will most probably lead to increased helmet volume, and possibly wLeiht.
which increases the probability of helmet canopy acrylic interaction duilng cai-'.1 ;
penetration. Increased helrmet weight and center of gravity shifto, togethrt witb
altered helmet to head coupling, will certainly change head and reck responue to t-un
presumably *safe" exposure levels.

In order to adequately parameterize head and neck resy'o.,se and relale the, gb'-red
data to known living human subject and cadaver data, both inertial responses (lineai and
angular accelerationa) and load data (extension. compressiort steer an] torques) rcast be
obtained at well defined, anatomically correlatable poxinta. A modified Hlbrid Ill type
head and neck complex was developed, ballasted to be it: coml-liAnce with tavy generated
head and neck mass distribution parameters, and fully instrumented (inertial and load
transducers) at the head center of gravity (e.G.), occipital condyles, and ba,.e of .eck
(approximately Tl level). The fully instrument-cd head acod neck system hap been utilized
to evaluate various helmet configurations and t.%t effect on head "nd ivck response with
changes in helmet weight and geometry. Additiona'ly, necl. e.ntenaion. cempresEion, shear
forces and torques were obtained during dyni&mc ci.-ctioni tests ranging from 01/i to 720
KEAS. At the higher airspeeds, the effects of aetadynamic lift can be clearly
identified on the monitored neck compression - tension valorln•. With sumh data. injury
modalities and probabilities can be addressed in conotderably great-r detail than the
present norm and the effectiveness of protective equipment established.

INTRODUCTION

With the advent of minaturixed, sturdy, and reliable six axis load cells, test
tms.t.ski., su-,iL es-onses can ye prameLterizead ,eyur.i LOn tr.diTr xuo&i acfleier itL(,in

measurements obtained. Additionally, load imeasuremerents, alt.hou',h directly cosrelatabh-
to acceleration, give greater insight into the neve-ity of Aesponan., since cnR.presahon
and shear forces, together with the gentriated rmoments about sejected anatuumicat pointks,
can be easily visualLzed in terms of biodynamrc in)ury.

A series of horizontal accelerator and ejection tower test a have beer, cnoFleted to
establish baseline value, for these measures under a variety of initia: ,-s-ition and
restraint configurations. Additionally, for the head and neck system, the senstiuvity
of the resulting measured values to changes in heaC weiq:.t an-! center o' gjirvity ,an
also established. (1) This data can be interpreted as the basl-inu values a'.vaia:,t which
new helmet configurations (such as night vision) will be corpered and fern, Vhich
relative safety assessments can be made. This babeiine data is the first. of its kind
and demonstrates a significantly improved capability to a&nalyze and quantity canopy
penetration severity and helmet lilt forces during high "Q" escape.

In previous programs conducted at NAVAIPDFVCEN, state-of-the-art manikins (HYBSiID
II, HYBRID 1II, VIP) were compareatively tested ur.der identical experementel protocols.

acceleration meamures at the head, opper thorax and pelvis; 6 axis load cells at the
bead/neck, neck/thorax and lonb.r spine/pelvsa junction tu• a total of 36 torso
charnels) and the IHYBRID III tytue maarnikins, together with the associated sensor
instrumentation system and so)id state data acquksition nsytem 496 channels: 4B-ytes of
memory) were extensively tested both at NV:itttRiV'cýN facilities (ejecttoýrn tower,
horizontal accelerator), tip to 48 G, as wtIlt ar Iligit tested at the Supelsonic Naval
Ordnance Research Track (China Lake), up to 62V tLAS (2. 3. 4, 5). This first
genr.eration of "biofidelir" mianikins designi'-ed as BFttl, are extensively employed at
NAVAIRDUVCEN in the evaluation of both ejet ict .l crash worthy seating systems and
improvements in both the head and neck sy.4it'-s, 4s well as the pelvic area are well
underway. BFhI is presently the standard !est ariicle for both the ejection tower and
horizontal accelerator and is •.natrumentmd as per Figure 1.

With this s=nsor arrangeraent, the dy"iaan.• iebl.,nee of the respective segments of
interest io completely detinc-d at locatir-in coirespxondsng to high Incidence of injurl.
Additionally, trinamissici. of fvkrct up the apne, ersinatiri from the pelvis and
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terminaLtmi-g At the l-ead * clii' c 1sck- usn-d to ei'altiitie gti-af it e-ra,-ioin and resti-a tm-
efficacy. mincie the three- - dit-erqismnal acceleration titie history and zelat Iye
displac~mmrct of time individual iegmients is kr,niemi or can k-me cailculatJ n.In ,ttiat.
.pph~catiofla. data has to he translated to other p.miits than those directly
instkuric-ni d, ei ther 1,, ci ni-ia eatirates of responses that cannotL he. dii eel ly mo-nitored
or as an itiilependent mlii'aiure used as a close c-lmtck to estab~lish accuracy of mionmiom ci
v-blue-a. In Stan flnn teats, as an example, ono.- night want to c-alculate' auc-eltral kits or
torqumes a th-- teali pivot and only thew heard center of gravity (Cf.) accelem at ion

mttastr~smrmtr jmm i~vaillble. smenmilam-y. in the cane of humtan runs, moinitoired 'head"
a.me-se] ratiomis may hbaves toi Loe t gaminlitd frogs time instf-UNIsentat ion muinigign-i plaituorns to
th-i li!-acl Co., oi t %t- ocropit al cnaiv)e tt since one, cannot di riret ly gnimtm-rm-5I.gimcs at
those lot-at imnri. Uody rm-fer4i-n:ed inertx i-m accein,,ration of a jstoint fixsmt] in a moivin

,ig mit tnily in, Xji- s-J -i a f unctio nt of I ri-axiail iLCc rat ions. oin, "i tar ia .ste and
mAipi I Ii atct- letatin (tmsiyam, yjitch, t oll)i aimimt tuer-mj'tiv-o Lt hoi-mm~i axest. The

s -ilima'isoctci -i tci neatsure ths linc isimnes hive he-ti it-su tird by Fm msirh i(M-13 and
c11-emote of rln gitunI imft-t aeiimwiIerangular i-air .-- so anmd anijimolir

at-e.lenitr-ei -They .1m e mtitc-)-t-thi--art amid have -I socc-m-smfi, h istomy of toii mlt at-ki
it, both honit tim odymmrim tetrearch anti emmcapec ayutem' and r-matimhmaoith l mot tst im ..-j Tlim'
ititmima~t im ied dr-%m i-4 alte ide-al for tian kmmm mtlii at itnn s moan they are l ighti wm-mjlt agngd
camsily i --o-ica o mttii- rianiktn setjmsmmmtmt furi reslittoie analystis. Atl 1,ire
m-orirl-re.limilly aiimir.off 'lite shell it ris. whit-h tmv'been itt-vt

t
-n t, Ii-di-' lac.

m-cmiitl- 1011-ir no mmii .am- l rmtiae in km-cping iitlh pmr lom-nance i-gltmhiti mt;m' of ibm'
o~g -mmcqiiimt i~it mtktm..sird tm-l"i-tti-Y try s mto.1 In adldt.t momi to tto-' mnirt i-l

untitr nalxii.six aims, lord i- :,,If -misc m titmirt- thin hm-md'nem'k. nm-kthk0lirti
amid imin-I-ir spn- rlii )iti' ori. Fi-miri 2 de-mntnsl ratesIth,- msonuit-tim-m data mIIini,1

hmal i iam-a. Tb- gnamxt iii 3nst gimmeiimt ion at the i-mmnikiti had (-,it.,ilitiinf ,ii th lim li
ittilsthme aigniti rind lin-a-a--ilrmitm t-iiri-mmnmti abotil thin limalct-ml - m-o iyit, eMt

mi't- kmth thiit. imittxmmamtio, gmnd ittiwitti thm -ln im litratiomil Of th"' heic-t ivi
f-'lmt~iiig thie ai Lniiio-oeCligital ijmitmtlmhinm-tm- 3,,int) a nd atfImltit~-amil iii tim

mlirit.roitt j " y i-ititint 1 "iut. t-utu tire- in-i tcs mIi ter ctmintlj c-i-flmŽ sio ..gigs

a,, aiio iid tntliteim l cotspmCsstitmi ammi oi -1triton loails, p- roide i idttcmtdemmit mir-arimies ,mf
th'ia. Itilmi aliat. Smiitlai orgyii-ctmsl c(an hrmtm fomi tlmm mcirkthir-g l(s) amid
lot-il-tp-Iicjrsgme

L-I icrt!NI l TE$ýTs

C1)1 . i-rt gaily du,, to tlc- hiniid nimmimf lb. mi-ok [liii wlimiti rvsiiit, ,s he~-ti inl ni--ik
mottitli lto I h, mid -siij-jitýtmil itimi -Flri-itt mom.ml dumriry I hiraric tmm~trtm-tImt-matmimiis t

1

--- t~.ita of m-trtitriimmq thme _,rthmomi~nal liit-ear aiio- lm'rat tcIoniilsiiit. irtt I t1Im-i ith titi
gir-jin tlt ntiit ieratis aisiat time...- xIi. lyaW pitt-li, molli. Thi..m... fliili-d i- tdai

ti-st mmanikiti i-m per tiqire 31 si-ji-ifi-mitt ly i-nm t-it i-tint-el rummuit-ri.ioiomt i-ijIm1Lm-r mite
bitt almi is--s ti mai 'iiatl mmrmm n-iit c-n ..- m..., i km...,i"I I~itiry

Itt-gd-3 --i Ii. d.mlm (mini a mmiu' 1mmti-itr .isi'-I-it ,imdii-i i
nh-til it, ft-c-mm, 4. If onit' had to0 reiv siily on il-Imlt immiytnii i dtiiIit
ditt-i (fIig~ure 4 toll timly .% ii-iwnt iirtty li-ilymmt oii beý p-sasmllt' iLimmi tisIhal
the. 1imtiht ma'msi lth IIriwai duitrly Iicti;iictlt t11itfom-mmt tiim mIii. It 1i1ii !

pu (,iiti -e -i-oi ! at pl,-Iii-smmiiey li5me-io. SItitilr flmoii-timt .... ti-mr- eklitin lime

tN -Arii , tiii-hmuirm. LIon tIos dat. b-mit-l I19I'f, 0. i-minI
1 

1-' di~fftilogit t-in--mm

aatiayuimt, of mIlt ts ditinl 
1 

ii I t emsti, mpm1,yiii~i~-it can-ipy feIaj I It1_t itim. Im'Idiii11a-iiI h.t I Ii ito
fi--isan i-rentttitmi teI I at mom.IJ. tin,-] Pmisitt di nii -IuI-tm-am th- op,-,I Inrj rIm.,I -i andl l Iit
......i Im'lli V r I~-at c-d 1.11itim f it.mti jmittii ti lii1i- lit-mdai ti i-Ji is h-smmi t ,t lIt, -iri-k IItut
aim-I- I-as I eoi-l -d , tI- f.i, intIt- ditt-m~y I tit -t p Iu i-tim f"iit ml .mmtl t lim Irmumi hLot _,l" -

a6l h1 imtm ,--Isanoply mm-iyIcI. eiilam-i In-1 I tlt- ojinmit-3 ortigim1,.i1Lty -Iatitd .Ili uI mui fi
Iib, aft inc-Xat mi-n 1,-m4 at q,- citit ,I-i t h, dnty cuitimibm.Ist i,,n to,-, 1., mii t itii
iti It-ic-lu-gil -I. da t" ttI"! tsc It- Iitytil thi- lr-ad-taniitiy atiylti- imini its diffim-ilt tIii
txt.ometiriZi-. -is is tire asseasriert ,of .t,)ary uuenh.mliml .

1
y. "Ilm- lr--k I,.il analIytic titom-il

iOm cIa"d .1,ii1-, iumti. ieth am t hin 1iae cift Ih� n-i-k IllI I. -lrm-' Tim I tItiSmiu, ti situ -S
in m1i1 .L !t .tmig I'_� I-jt F -Lý 4 hout-rmrton At Iliril-tim iiedilili~ ir -isi isia Iiitii
f " memý-:- Ietl jO l-- Ii ri-c-I Iitý t i,, t tImo-s t hi- nam-itt t uolt- aim ... t..Immld a- tIc dii lv fri-t t mc-

t "' liitmu f rcei (i.t ,Intnaiis I - ii smiili aio thi- pturf asis oii- ntrit srati-It to im-, !i-Itit-
m-rilt' if ruitmn mtiidm dii it me-v mitn'ote we--mni tic' twig-j eit n tl -s~t mIons tmii t It, loadimi-
icing i mm'ct tmt i)tiiy is htighly tirOliatti1.

thJe s-.im- innst-l~tat tij-mt Is alao ,%tidi:ng mm a ilytimut- m-j-s i (449 kitil tint - litItIJd
cmii~i the: iistrumi-ntnd issnikiit Ikltttmmm 5t. W-, tore thiii bill. s-M.imklnti lItI tttid 6dudi

eC-ecitoneitce the wgm mnti,atm-a at tmin, u-.ricId 1 anmA comma uderalu1li- P,.t.-t lbit _-- is
e'vidrmnt III tit- Nulibi-Slnnt m~irmmmkin nix 'icmcelf-ti~it t j--(ml-. piak .aikontitm a-u-,rtmt
occurs at 'ignot 50its and is ciotrome ~ly rept-ml- Oiilm-,m tin -1;h cat iti 1 -2? Goam.

Moniteore'd inmid icc-It li-ado igruirri this sectnm The, pitialty .( the iti'ik loads age
reversed (i

1
- its hould li It-i n Amid mis-ax F.-i N- be zili huls as -an I-isee Smiifl iqure 5 -

middle) the Qonisrossive otoens duritng thev c.tapolt 1 hasc realmh ahemr 3100 1Lbs a t
Approximat ely 1 urns. Smmmisctmmmt ly, l-tih mittik- ins inier time bitia ia;Ihe- heads are
limmshgd back agalimir rho ticaibox and till feintse tin the hil~et i-dpt- the neck into,
extemnston (axixal) ivm-imaitti apiroi msattely 41)11th Ili Durimngq mmi ti--i mr-il. 2. pmermanuent off--
sot in dumiamy nec-k loads fogi thic forward inc-at ion is mrvmdenit i.m sit 1.ft of
atpj-remamratoly 6110 lbs is an anonaily of the data and does Ivol Lefllct. an actual change in
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I.

magnitude. Tnth indicated neck load values nevtir do relurn to zero but remain ,ff-set at
fOti lbs. Assuming this permanent shift in baseline, the relative change in neck
extension loads suhiequent to time period 2 (

4
00mr) agrees well with that m)niLtoed for

the aft smanikin 1400 lrbs.t. It would appear that this prLesumed lift fo)re (l4t0 lbsl. I
accuunts for the persistent helmet loss at high air•sp.endu and connfirms a long sirspot ed
injury mudality of the cervical spine due to neck tensior,.

The most convincing example of the load cell-linear acceleration instrumental ion
combInat Ion and its utility in analyzing occupant response during ejecti on is in the
data obtained frots the transonIc t720 hEASI teal conducted with a fully Inst ruoent ed
maniki n . As wit I be noted from F igures 5 and 7 , the monitored neat avcelerat tons (Z and
IFt are cons•strent with expectations and somewhat higher than normally monitoted dot ItLog
seat qoalfication te.sts. During the catapult phase of ejection (tfom approx. 15U os to
275 me) t ho seat attains approxirsattly 15c. (Figure 6A) result io.g Int a lumba, lo.d of
725 lbs (Figure bt) as measured at the pelvic-flexible lumbar spiri' interface (as -i'
Figure 1.. Neck loads (monitored at the head-ne-k junctlon reprscnting the or-cipit•a
cthidylest also deraounstrate a compressive force of approsImately I5 lbs during this t trie
interval. At approximaLtely 3UO mn, neck forces are reversed (from compres'ilotn to
ternsion) achieving neck tension loads i31 excess of -500 lbs 4 igi.t-e 6C). The initilaI
interpretation of this data could easily be that the exhibited neck tension is duo tIn
ae'odynamic llfL created by the airflow over the helmeted head. Tbe 500 Itn tennion
monitored is in good agreement with the 400 lbs obtained In the 449 EFAS test in Ferio.'
5. Both high speed ejection teats indicate that the neck tensions nonitored are
approaching assumed human tolerance levels (-550 lbs, ref. 6) and these, results appCar
to verify the poalulated inoury mechanisms associated with the aerodynamic lift
characteristics of flight helmets. Unfoitunately, the rest of the gathe.red data doee
not support this hypothesis. Seat-catapult separation occurs at approximately 301 mm
tFigure 

7
A), subsequent to which the seat undergoes considerable anterior-poste•riot

deceleration tin exciss of -20 iX) and demonstrates a considorable increas.' in monit.red
inferior-superior acceleration tapproximateLy 35 G. - Figure 6A). Thxs latter ',alne i-
in excess of that anticipated due to seat rocket ignition and indicates, together with
the lower then expected monitored G. values that the seat pitched backward; a fact
confirmed by the film coverage. The results of this seat G_ acceleration is clearly
seen in the monitored manikin pelvic loads %Fligure Mi). Conequently., after catapult
separation, one has the situation where the lumbar spine goes into compression
(approximately 1800 Ibs), whereas the cervical epine is forced into tension
(approximately - 500 lba).

Further film analysLs indicated that the helmet came off the head while the seat
was still on the rails, and consequently the maximum monitored neck tension forces could
not be solely due to aerodynamic lift but were in fact the result of the airstream
coming tip the manikin chest cavity (amncr the sedt had reclined backwards) and
interacting with the chin. Since the upper torso of the manikin is well restrained.
this wlndstrsam-chin interaction violently rotates the head backward, forcing it against
the headbox, which precludes any furthser head rotation (see Figure 7C for head-headbox
I impactI. Further exertion of force on the underside of the chin puts the neck into
tee-soc as seen in Figure 70. The important thing to note is that In such situations
I scat pitching aft), changing the dserousric I ft propert tes of the head and neck
system may not significantly affect neck tension exp.-ienced.

CONCLUSION AND RECO.MIENDATIONS

From the data presented, the overwhelming advantages of the instrumentation scheme
of Figure 2 are quite clear. This instrumentation scheme will be the new standard for

ejection tower tests conriucted at NAVAIRDEVCEN. At present, hardware to support this
instrumentation configuyation is being purchased and data acquisitton and storage
capabilities are being expanded. This is anticipated to be completed shortly and all
future testing will utilize the BFMI manikin. BFMI is also being proposed as the
standard dynamic election test ma.%kin and has been subjected to ejection tests ranging
from zero-zero to 720 KEAS. Programs such as Night Vision Goggles (INVS) and 21st
Century Helmet have committed both resources and indicated intent to utilize tills
manikin in their qualification programs. It is anticipated that other programs sillfol low.

The utilization of both inertial and load sensors greatly enhances the
parameter'zatreon of the manikin response to various acceleration scetoarlos auid enables
robust analyses to be conducted and injury mechanisms and probabilities ti be
idectified. The load cells themselves, being integral structural members of the
manikin, have been shown to be reliable and able to withstand the most severe escape
conditions and crashworthy seat environments without damage. Their full integration
into the manikin anatomical segments has been accomplished without compromising manikin
dimensvons or performance characteristics.

Work is presently underway within the Navy on BFM2. This effort maintains both the
sensor configuration as well as the operating characterc.stics of the developed data
acquisition and storage system (DASS). although some repackaging is being undertaken to
fully integrate portions of the PASS into a redesigned, anatomically representative,
pelvis. Additionally, the head and neck system has also been modified to improve
biofidelity. Softening of the neck column was indicated when manikin response was

I
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compared to live human response data. It must be pointed out that reconfigured
anatomical segmerts shall be completely compatible with presently utilized BFM1 and
consequently a one to one replacement can be undertaken without replacing the entire
manikin systems presently in the invento~y.
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DISCUSSION PERIOD 4

Dr Von Gierke. USA.

I have a question for Mr Frisch and other speakers, in connection with the vhole topic of
our symposium here on Neck Injury in Advanced Military Aircraft. We have not heard much about
protection and protection matters. We talked a lot about limits and how w.e might be able to

p redic loads on the neck and probably give tolerance levels in the future, but several years ago I
now thit you, George, and me and oeveral others, wk orked on neckprotection sx stems. Infiatable

collars and similar things at least for ejection, and we haven't heard anything aloul this. Ha; this
died completely?

Mr Friscn, USA.

Quite the contrary, I thought one of the intetesting things about the data that we gathere.
on both the low altitude as well as the supersonic ejections, was the head and neck response,
Much of the tension exhibited has in the past been attributed primarily to aerodynamic lift. Now
we have measures available to uts to evaluate it. If I was to design a very aerody na-nic helmet or
inflatable collar it would not help you one iota. That is the whole point I think. We have been
doing a lot of work at the high speed end with more sophisticated mannekins gathering a plethora
of data to make sure; *uat we understand what the response mechanisms are so that we can design
the protective systems Lcr the future. ! think the next generation of aitcraft are going to be faster,
they are going to be fly.inghighei and as an example a 1.2M escape is not unatural at all. As little
as a year ago we were looking at G. acceleration on the seat and linear and angular velocits in the
dummy chest cavity. Seats are passed basically on whether or not the system angs together, and
you get a chute and don't plough into the desert. That is not a pass/fail criteria. I think we have
come a long way since then. The problem is that many of the measures, although readtly available,
are not substantiated, and not in my opinion with known human response data, As an example
torques and moments and compressive forces are very effective if I want to rank systems, if I want
to establish a base line, but if someone wanted to pin me to a wall and say will 550 lbs tension
injure I don't know the answer. I don't think anybody knows the answer. It has been shown to
ftacture canaver cervical spines but what the relattmnship is to humans is is not known. However
the fact that at 500kts we monitored 400lbs tension in the rcack is very useful information because
we positively survive 500kts ejections so consequently I would assume that the 4001bs is survivable.
So nrw the question becomes is an additional 100lbs tersion survivable. So I agree with you a lot
of work needs to be done Out we also have to get a better idea of what we are protecting agilnst
and . hat the response loo-s like. You have got to understand the response lefore you can design
any protection equipment

Dr Von Gierke, USA.

I have a similar followk up question to the other problem we discusned on the neck under
sustained acceleration. We !,ave indications that the motions tinder sustained acceleration might
be the most dangerous part. Is at one thinking about d-.ing anything about -his. It does not
necessarily Lave to be a nec kpiotcttion sstem, it could for example be some experiments using
mirrors to check 6 or using a display system like the super cockpit. I understand some Air Fo-eec
use mirrors for checking the rear quadrant. Has anyone experience with this or has anyone done
quantificatiot experiments on the centrifuge to explore the possibilities?

Mr Frisch- USA.

We do, and you get into some anonuolies, for example the centrifuge at NADC cti get pretty
close to any of your aircraft pertormance parameters since it is close to a 126 see- - onset rate.
Their can, however be problems. We r~n a whole series of enPerimený. e !:coCkCd at to0lri,1ILc
and reciinatton angles and checking i, ind as an example, wheti high G is being pulled and testsubjects turn their heads or. a centri. uge. their vestibular system is upset and they are sick. Yet we
continuously have pilots come in and say well i do this a!l the time and I don't have this pioblem.
So either the subjects used in the experiment are not representative of the pilot population, or we
need a lot of training. As an example in this prescatation, the Air Force has I know had two
classical hangman injuries with complete disarticulation of the spine, the Navy I think has had
one, with no accompanying indication of the neck being hit. No contusions, no cuts, no marking on
the helmets that woul dindicate that the helmet was arrested by parachute risers or garrotted or
whatever. But when you start looking at data like this, the fact that you cen get 5501by extension
which puts the neck into tension, and I know .hat you ,an subject thal head and neck system in
tension to an angular motion, could you in fact not get that kind of an injury. Again a better
understanding of the response mechanisms is needed.

7

)t . j >-"< A""-



REPORT DO(CUMENrATION PAGE

i. Recipient's Referene' 2. Originato'Re 3. Further Reference 41.Securily Classification
of Documeal

AGARlD-CI-4 71 ISPN 92-.S35-054 1-7 UNCI.ASSIFI:E'D

S. Originator Advisory Group for Aerospace Research and l)csclopmuclt
North Atlantic Treat) O-j ganization

: 7 rue Anc1ll7, 92200 Ncuilly sur Seine, FAraTc

NECK IN"iltt IN .ADI)VANCED MILITARY AIRCRAI' t-NVIRONMENIS

7. P1 escn,.--d at the Aero~space Medical Panel Symposium held in Munich, Germany
f-omn 24 •o-:•Aptril 1989.

, 8., Aulhorlo)/Edior(s, 9. mlea

Various February I k)90

t0. Author's/Edilor's Address 1I. Pages

Various 204

12. Di,,tribution StaIte menit This dournent is distributed in accordance with AGARD

polici.es and reguitotms, vohieh are outlined onl the
Outside Back Covers of all AGARI) publications.

• ; J9. Ae) 4444 ls/l-c¢•riptolrs

Neck injury High G
Hlr.cmi-rnoumncd devices Acceleration
I lead /neck protection

1 4. Abstract

These proc,•cdings include 22 papers. ensuing discussions and a 1 echnical Evaluation Reponr on
the Syvnposium sponsored by the ixCARD Act ospzacc Medical Pancl hild in Munich, Germany,
on 24 to 2$ April 1989.

•Ane-dotal evidence suggcsts that soil tissue neck injury may be an occupational hazard for lighter
pilols, particularly those in the later generation trainer and combat aircraft. Recent advances in
hlnrci-naunted devices increase the potential for injury. There is an acute treed for guidance oil
the maximrunm mass and mass distribution characteristics of hcad-miountcd devices. The
yn~punr discusscd ;,c LxiCii o1f iisk aid its. controi through the design ol helmet-mounted

devices, protective systems and airrcrw trraining and conditioning. - i .-.-

II



r. r

~E :

a .E' E .
CL 

~./

-
C- 02-

750 < 00 1
> C, >

2t

in .. 2< ) , .2-

Vr C < <e
z rwccH

-~~U41u < 0 co

X 0: ZJ.0~ ý6 !u" ýý LH -

k1 I<7<r 
-

iy 
!d .J

'<o a Zj-



-- " I sm-C • M

S_ , E- 
I j " -7 _

ci 0 c c-- 
"•

..,= t C.

_S o o • E, E -

cc , 7 '-Z 
'

"--. 'c .
...2. -•--... .

S° 

Ict 

Ei



NATO + OTAN III[tTO OtN*AStl-1
7 TUBAncoito 92200 NEUILLY-SUR -SEINE I AilR At'io of t'N(1ATOSiI

FRANCE

Tolephone (1147 3857 00 -Telex 610 176

At; A RI)die, Nt) I helck] 'ioA'cAt I6A NvI)pl'cati'ii' it thc abot c odd' ' ngtz cdnuiiiiia ~siliio At. tAD
ji10l1Wc1t1111i isn1J toidci ACARI) 1,Nietulie Natiioiis thi ub~h the Itull-m nw Natimi.aI L~srbi~uCililnlton('mes -Ii ... [te, ipl alt tilmuiclile
msailable (remi these t cies nuv ; buI not may l'c 1niuieiased in M-cbichein i'hiulvcip, loi'i i loni tii. Sale, Ageticie' listed hlcn.

NA! IONAL 1)154 RiI3L'i ION ClI-Ni HENS

IILItdtil'K LUXI NIHOtRG
( irdininmaenr AGiARI - 551, Are Belgiuni
1 1at M~ij "I de a loice Acuiennc klRA1)
Quartiel Retne iI-lsallcili Ne

t
rrind I Icc~ie i At ,ADi

Rue- dl ccie. II 140 lit uxelile Nehrandu Acrlijpa~t aitao NE;RD

(CANA!OA Kluseerneg I
l);eeiu S.c i;nifnlidi acflin tili Sc'' cc'I -

Gilaic NNulh Fen" ".d

)I.NNMARKhi I~ d~SI t  
nu

Ved dii Natlw¶8
1 

Aaromauklt9 an'd m..a"-

2 0051 EoCI Amn~riiin AL pOURTH CLASS MAIL pt't

tIi RAN( Ii wasiingt)\ KI:) SPC SOK6I

VO.skNI. 2OW

'9lclt A,,,

Kenige IV lo4

IRey~vllGenic (ASE

1 IALYUN) I [I StKIll-S

TiAL I1 N.N IlI Si Al1 N1)O~ S1 RVtAI I I (iS Id (NS)10-SS01(1
SI OmuRS til- ArAc lI~ClOS.AI IPIA aioNS -O (Griuats 11, 1 and Space NAdulmtim N*

lIRIft-dc 10 egti NA~imI III)NALA 1age LUIIICAI (-GeiinSRtCer15 l ~LAO)LS IlO

S1prititlieRD UBldA 75Ni1. PAND, INtae Wes Iohi ION3 I7LQl HO 11)Il- IP
ripiRL 011 AIdNLILIN('l N-RAIINIRIL(SII)A I2st IISA ADEngl 11,nd

Rv'rueist fir microfiche in phinoqric-.ol AGARi) direununis shouild iilde& the AIARi) %enal nuniber. title. author mci dii.in.nd
pid~hcanov;date Requesit- Nii 115hoiild include ilit NsASA aceesitib teliiii nuniberI lublngi apirucaketeicnce' anod aliticti 01

A(IARI) pubhlcatitins ate given in the foilio% ing putunais:

Selentic and I cebtiteal Aetospace Rcpotii (I lAR)GoenutRprsAnreees(R)
puliihestJ by NASA Scientific and Ileelinical published by the National I echnical
Infiormatiorn Branch InfittunrI Services Spnigiicld
NASA ileadquarteis (Nil -401) Vitignia 22161, 1lISA
Wýashuagtin L).C. 20546. USA

)'Iniiited MSpienal~icd lPrinuing Seni he, I uuitied
40 (hignrl/ Lars', Ltlughiton. l~seA M;1037-Z

ISL'N 92-835-0l541-1


